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(57) Abstract: A return path system includes inserting RF packets between regular upstream data packets, where the data packets 
are generated by communication devices such as a computer or internet telephone. The RF packets can be derived from analog RF 
signals that are produced by legacy video service terminals. In this way, the present invention can provide an RF return path (150) 
for legacy terminals that shares a return path for regular data packets in an optical network architecture. The invention operates 
independently of a legacy upstream transmission timing scheme so that the legacy upstream transmission timing scheme can remain 
effective in preventing data collisions. In other embodiments, the present invention allows for less complex hardware for subscribers 
that are not taking data services. Further, an optical signal present line in combination with a driver may be employed in order to 
reduce the amount of hardware in a laser transceiver node (120). 



BEST AVAILABLE COPY 



030056 12A1_I_> 



WO 03/005612 Al 1 Hill ■ I Hill Hill III I II III 111 Hill IlllllllllllllOHIIIII - 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- j 
ning of each regular issue of the PCT Gazette. 



BNSDOCID: <WO 



0300561 2A1_L> 



WO 03/005612 PCT/US02/03056 



t 



METHOD AND SYSTEM FOR PROVIDING A RETURN PATH FOR 

» 

SIGNALS GENERATED BY LEGACY TERMINALS IN OPTICAL 

NETWORK 



5 STATEMENT REGARDING RELATED APPLICATIONS 

The present application is a continuation-in-part of non-provisional patent 
application entitled, "System and Method for Communicating Optical Signals 
Between A Data Service Provider and Subscribers," filed on July 5, 2001 and 
assigned U.S. Application Serial No. 09/899,410; and the present application claims 
10 priority to provisional patent application entitled, "Method and Apparatus for 
Returning RF Signals from Subscribers to the Headend," filed on August 3, 2001 and 
assigned U.S. Application Serial No. 60/309,484. 



TECHNICAL FIELD 

1 5 The present invention relates to video, voice, and data communications. More 

particularly, the present invention relates to a fiber-to-the-home (FTTH) system that is 
capable of propagating RF terminal signals from a subscriber to a data service 
provider. 

20 BACKGROUND OF THE INVENTION 

The increasing reliance on communication networks to transmit more complex 
data, such as voice and video traffic, is causing a very high demand for bandwidth. 
To resolve this demand for bandwidth, communications networks are relying upon 
optical fiber to transmit this complex data. Conventional communication 

25 architectures that employ coaxial cables are slowly being replaced with 
communication networks that comprise only fiber optic cables. One advantage that 
optical fibers have over coaxial cables is that a much greater amount of information 
can be carried on an optical fiber. 

While the FTTH optical network architecture has been a dream of many data 

30 service providers because of the aforementioned capacity of optical fibers, 
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implementing the FTTH optical network architecture may encounter some problems 
associated with legacy systems that are in current use by subscribers. For example, 
many subscribers of data service providers use set top tenninals (STTs) to receive and 
transmit information related to video services. The conventional set top terminals are 
5 coupled to a coaxial cable. The coaxial cable, in turn, is then connected to fiber optic 
cables in a hybrid fiber-coax (HFC) system. The coaxial cable from the set top 
terminals in combination with the fiber optic cables provide a two way 
communication path between the set top terminal and the data service hub for 
purposes such as authorizing a subscriber to view certain programs and channels. 

10 For example, conventional set top terminals coupled to coaxial cables may 

provide impulse pay-per-view services. Impulse pay-per-view services typically 
require two way communications between the set top terminal and the data service 
provider. Another exemplary service that may require two-way communication 
passed between the set top terminal and the data service provider is video-on-demand 

15 (V OD) services. 

For video on demand services, a subscriber can request a program of his 
choosing to be played at a selected time from a central video file server at the data 
service hub. The subscriber's VOD program request is transmitted upstream on a 
return channel that comprises coaxial cables coupled to fiber optic cables. With the 

20 VOD service, a subscriber typically expects VCR-like control for these programs 
which includes the ability to "stop" and "play" the selected program as well as 
"rewind" and "fast forward" the program. 

In conventional HFC systems, a return RF path from the subscriber to the data 
service hub is provided. The RF return path is needed because a conventional set top 

25 terminal usually modulates its video service upstream data onto an analog RF carrier. 
While the video service upstream data may be modulated onto an RF carrier, it is 
recognized that the upstream data may be in digital form. 

An RF return path typically comprises two-way RF distribution amplifiers 
with coaxial cables and two-way fiber optic nodes being used to interface with fiber 

30 optic cables. A pair of fiber optic strands can be used to carry the radio frequency 



BNSDOCID. <WO 



030056 1 2A 1 I > 



WO 03/005612 PCT/US02/03056 

3 

signals between the head end and node in an analog optical format Each optical cable 
of the pair of fiber optic strands carries analog RF signals: one carries analog KF 
signals in the downstream direction (toward the subscriber) while the other fiber optic 
cable carries analog RF signals in the reverse or upstream direction (from the 
5 subscriber). In a more recent embodiment, the upstream spectrum (typically 5-42 
MHz in North America) is digitized at the node. The digital signals are transmitted to 
the headend, where they are converted back to the analog RF spectrum of 5-42 MHz. 
This process typically uses high data rates (at least 1.25 Gb/s) and a fiber or 
wavelength dedicated to return traffic from one or two nodes. 

10 Unlike HFC systems, conventional FTTH systems typically do not comprise a 

return RF path from the subscriber to the data service hub because most of the return 
paths comprise only fiber optic cables that propagate digital data signals as opposed to 
analog RF signals. In conventional FTTH systems, a downstream RF path is usually 
provided because it is needed for the delivery of television programs that use 

1 5 conventional broadcast signals. This downstream RF path can support RF modulated 
analog and digital signals as well as RF modulated control signals for any set top 
terminals that may be used by the subscriber. However, as noted above, conventional 
FTTH systems do not provide for any capability of supporting a return RF path for RF 
analog signals generated by the legacy set top terminal. 

20 Accordingly, there is a need in the art for the system and method for 

communicating optical signals between a data service provider and a subscriber that 
eliminates the use of the coaxial cables and the related hardware and software 
necessary to support the data signals propagating along the coaxial cables. There is 
also a need in the art for a system and method that provides a return path for RF 

25 signals that are generated by legacy video service terminals. An additional need exists 
in the art for a method and system for propagating upstream RF packets with very low 
latency and jitter. A further need exists in the art for a method in system for 
communicating optical signals between a data service provider and a subscriber that 
preserves the upstream transmission timing scheme that is controlled by a legacy 
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video service controller. Another need exists in the art for supporting legacy video 
service controllers and terminals with an all optical network architecture. 

SUMMARY OF THE INVENTION 

5 The present invention is generally drawn to a system and method for efficient 

propagation of data and broadcast signals over an optical fiber network. More 
specifically, the present invention is generally drawn to an optical network 
architecture that can provide a return path for RF signals that are generated by existing 
legacy video service terminals. Video service terminals can comprise set top 

10 terminals or other like communication devices that may employ RF carriers to 
transmit upstream information. 

In one exemplary embodiment, a portion of the return path may be housed in a 
subscriber optical interface. The subscriber optical interface may comprise an analog 
to digital converter where analog RF electrical signals produced by a video service 

1 5 terminal are converted to digital electrical signals. 

The return path in the subscriber optical interface may further comprise a data 
reducer that shortens or reduces the size of the digitized RF electrical signals. A data 
conditioner can be coupled to the data reducer for generating identification 
information as well as timing information that are linked to the digitized and reduced 

20 RF signals to form RF packets. That is, an RF packet can comprise digitized and 
reduced RF signals that are coupled with identification and timing information. The 
timing information, also referred to as a time stamp, processed by the data conditioner 

r 

is one important feature of the invention that is used later in a data service hub to 
reconstruct the analog RF electrical signals as will be discussed below. 
25 The data conditioner may further comprise a buffer such as a FIFO for 

speeding up the transmission rate of the RF packets. This increase in transmission 
rate of the RF packets is another important feature of the present invention. A switch 
connected to the data conditioner and processor can be controlled by the processor of 
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the subscriber optical interface. The switch may be activated at appropriate times to 
combine the RF packets with data signals destined for a data service hub. 

More specifically, the RF packets may be inserted between upstream packets 
comprising data generated by a subscriber with a communication device such as a 
5 computer or internet telephone. The term "upstream" can define a communication 
direction where a subscriber originates a data signal that is sent upwards towards a 
data service hub of an optical network. Conversely, the term "downstream" can 
define a communication direction where a data service hub originates a data signal 
that is sent downwards towards subscribers of an optical network. 

10 This insertion of RF packets between data packets for upstream transmission is 

yet another important feature of the invention. In other words, the timing at which the 
RF packets are inserted between upstream data packets for upstream transmission is 
one inventive aspect of the present invention. The amount of time between RF packet 
transmissions is typically smaller than the amount of time allotted for the production 

15 of the analog RF signal produced by the video service terminal. 

Stated differently, the size of the RF signal produced by the video service 
terminal as measured in time is usually greater than the amount of time between 
upstream transmission of the RF packets. While the upstream transmission of data 
packets can be interrupted at intervals with upstream RF packet transmission, it is 

20 noted that the intervals of interruption do not need to be regularly spaced from one 
another in time. However, in one embodiment, the interruptions can be designed to be 
spaced at regular, uniform intervals from one another. In another exemplary 
embodiment, the interruptions could be spaced at irregular, non-uniform intervals 
from one another. With the present invention, the upstream transmission of RF 

25 packets can occur with very low latency and jitter. 

Another unique feature of the present invention is that the timing between 
legacy video service terminal transmissions is typically not controlled by the present 
invention. In other words, the present invention can preserve the upstream 
transmission timing scheme that is generated by the legacy video service controller 

30 that is housed within the data service hub. The upstream transmission timing scheme 
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generated by the legacy video service controller is usually designed to eliminate any 
collisions between RF signals produced by different video service terminals. The 
present invention can operate independently of this legacy upstream transmission 
timing scheme so that the legacy upstream transmission timing scheme can remain 
5 effective. 

Another portion of the RF return path may be disposed in a transceiver node 
coupled to the subscriber optical interface. The transceiver node may comprise an 
optical tap routing device that can separate the RF packets from the data packets. 
Another data conditioner comprising a buffer such as a FIFO may be coupled to the 

10 optical tap routing device in order to slow down the transmission rate of the RF 
packets. The decrease in the transmission rate of the RF packets is another inventive 
feature of the present invention. The RF packets leaving the data conditioner may be 
converted to the optical domain with an optical transmitter. Since the RF packets 
leaving the conditioner have a slower transmission rate, low power and inexpensive 

15 optical transmitters can be used. The optical transmitter may propagate the RF 
packets towards the data service hub along an optical waveguide that can also carry 
downstream video signals and video service control signals. 

A data service hub may comprise another portion of the RF return path. This 
portion of the RF return path may comprise a diplexer that separates downstream 

20 video and video service control signals from upstream RF packets. The RF packet 
can then be converted back to the electrical domain with an optical receiver. The 
upstream RF packets may be processed by a delay generator that plays back the 
upstream RF packets with a predetermined delay that corresponds with the time stamp 
of the RF packet. The RF packet may then be expanded with a data to RF converter 

25 that transforms the RF packet back to its original analog RF signal format. An RF 
receiver coupled to a video service controller may then process the restored analog RF 
signals. 

In another alternate exemplary embodiment, some subscribers may not be 
taking data services while other subscribers are taking data services. In this 
30 embodiment, a simple analog optical transmitter can be provided in the subscriber 
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optical interface for the subscribers not taking data services while the hardware for 
forming the RF data packets from the subscribers not receiving data can be housed in 
the transceiver node. 

In a further exemplary embodiment, all subscribers may not be receiving or 
5 transmitting any data. In this exemplary embodiment, a simple analog optical 
transmitter can be provided in each subscriber optical interface while the hardware for 
forming the RF data packets is housed in the transceiver node. Also, all hardware 
associated with handling data in the transceiver node can be eliminated. 

In an additional exemplary embodiment where all of the subscribers may not 
10 be receiving or transmitting any data, a simple analog optical transmitter can be 
provided in the subscriber optical interface while the laser transceiver node is 
designed to propagate analog optical signals back to the data service hub. 

In another alternative exemplary embodiment, an optical signal present line in 
combination with a driver may be employed in order to reduce the amount of 
15 hardware in a node. Specifically, the optical signal present line may permit two or 
more optical receivers to be serviced by a signal multiplexer. In such an embodiment, 
the optical signal present line can also function to detect a new terminal as it is added 
to the optical network. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a functional block diagram of some core components of an 
exemplary optical network architecture according to the present convention that can 
support legacy video services. 

Figure 2 is a functional block diagram illustrating additional aspects of an 
25 exemplary optical network architecture according to the present invention. 

Figure 3 is a functional block diagram illustrating an exemplary data service 
hub of the present invention. 

Figure 4 is a functional block diagram illustrating an exemplary data service 
hub of the present invention that is designed to support multiple transceiver nodes. 
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Figure 5 is a functional block diagram illustrating an exemplary transceiver 
node according to the present invention. 

Figure 6 is a functional block diagram illustrating an alternate exemplary 
embodiment of transceiver node according to the present invention where multiple 
5 laser optical receivers share an optical tab multiplexer. 

Figure 7 is a functional block diagram illustrating another transceiver node 
according to the present invention where the transceiver node comprises a plurality of 
tap multiplexers and associated upstream data transmissions. 

Figure 8 is a functional block diagram illustrating an optical tap connected to a 
10 subscriber optical interface by a signal wave guide according to one exemplary 
embodiment of the present invention. 

Figure 9 is a functional block diagram illustrating an overview of several of 
the main components according to one exemplary embodiment of the present 
invention. 

15 Figure 10a is a functional block diagram illustrating some core components of 

a data reducer. 

Figure 10b is a graph illustrating an exemplary Nyquist sampling spectrum of 
an RF return signal according to one exemplary embodiment of the present invention. 

Figure 10c is a graph illustrating an exemplary digitized RF signal that is 
20 multiplied by a number representing a sinusoidal waveform. 

Figure lOd is a logic flow diagram illustrating an exemplary method for 
scaling data received from a video service terminal that can be performed by a data 
scaling unit illustrated in Figure 10a. 

Figure 11a is a functional block diagram that describes further details of a 
25 data-to-RF converter. 

Figure lib illustrates an exemplary scaling restoration process according to 
one exemplary embodiment of the present invention. 

Figure 12 illustrates an exemplary computation of a burst process for an 
exemplary embodiment of the present invention. 
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Figure 13 illustrating an exemplary length of a data burst according to one 
exemplary embodiment of the present invention. 

Figure 14 is a diagram illustrating the timing of some exemplary RF return 
transmissions and some exemplary rules for handling RF packets. 
5 Figure 1 5 illustrates exemplary timing delays that can occur between 

respective subscriber optical interfaces and laser transceiver nodes according to the 
present invention. 

Figure 16 is a diagram illustrating an exemplary embodiment where each of 
the legacy video service terminals are unmarshaled, meaning that the video service 
10 terminals do not know how much in advance of the start of a video service time slot 
they are to transmit to make up for any propagation delays. 

Figure 17 is a diagram illustrating an exemplary embodiment where each 
legacy video service terminal is marshaled, meaning that each legacy video service 
terminal does know how much in advance of the start of an upstream transmission 
1 5 time slot they are to transmit to make up for any propagation delays. 

Figure 18 illustrates an alternative and exemplary embodiment in which a 
-subscriber is not subscribing to any data services while data services are being 
supplied to other subscribers. 

Figure 19 illustrates another alternative and exemplary embodiment in which 
20 data services are not supplied to any subscribers. 

Figure 20 is a diagram illustrating an alternative and exemplary embodiment 
in which all subscribers do not receive any data services and in which all RF return 
signals are propagated by analog laser modulation. 

Figure 21 is a logic flow diagram illustrating an exemplary method for 
25 deciding which return method to use based upon how subscribers are to be serviced. 

Figure 22 is a logic flow diagram illustrating an exemplary method for 
propagating upstream RF signals towards a data service hub. 

Figure 23 is a logic flow diagram illustrating an exemplary subprocess of 
combining reduced RF packets with regular data packets of a routine in Figure 22. 
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Figure 24 is a logic flow diagram illustrating the exemplary processing of 
downstream video service control signals according to an exemplary embodiment of 
the present invention. 

5 DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

The present invention may be embodied in hardware or software or a 
combination thereof disposed within an optical network. In one exemplary 
embodiment, the present invention provides a method for inserting RF packets 
between upstream packets comprising data generated by a subscriber with a 

10 communication device such as a computer or internet telephone. In this way, the 
present invention can provide an RF return path for legacy video service terminals 
that shares a return path for regular data packets in an optical network architecture. 
Video service terminals can comprise set top terminals or other like communication 
devices that may employ RF carriers to transmit upstream information. 

15 The present invention also provides a way in which the upstream transmission 

timing scheme that is controlled by the legacy video service controller housed within 
the data service hub is preserved. The upstream transmission timing scheme 
generated by the legacy video service controller is usually designed to eliminate any 
collisions between RF signals produced by different video service terminals. The 

20 present invention can operate independently of this legacy upstream transmission 
timing scheme so that the legacy upstream transmission timing scheme can remain 
effective. The present invention can also adjust the transmission rate of RF packets 
during certain stages in an optical network in order to take advantage of lower cost 
hardware. 

25 In an alternate exemplary embodiment, the present invention allows for less 

complex hardware that can be provided in the subscriber optical interface or laser 
transceiver node or both for subscribers that are not taking data services. 

In other alternative exemplary embodiments, an optical signal present line in 
combination with a driver may be employed in order to reduce the amount of 

30 hardware in a laser transceiver node. In such an embodiment, the optical signal 



BNSDOCID: <WO 



.0300561 2A1_I > 



WO 03/005612 PCT/US02/03056 

11 

present line can also function to detect a new terminal as it is added to the optical 
network. 

Referring now to the drawings, in which like numerals represent like elements 
throughout the several Figures, aspects of the present invention and the illustrative 
5 operating environment will be described. 

Figure 1 is a functional block diagram illustrating an exemplary optical 
network architecture 100 according to the present invention. The exemplary optical 
network architecture 100 comprises a data service hub 110 that houses a legacy video 
services controller 115. The legacy video services controller 115 is typically designed 

10 to transmit and receive digital radio-frequency (RF) signals. The legacy video 
services controller 115 can comprise conventional hardware that supports services 
such as impulse-pay-per-view and video-on-demand. However, the video services 
controller 115 is not limited to the aforementioned applications and can include other 
applications that axe not beyond the scope and spirit of the present invention. In some 

15 exemplary embodiments, the video services controller can be split between two 
locations. For example, a portion, primarily a computer, can be located in a first data 
service hub 110 that services a plurality of second data service hubs 110, while an RF 
transmitter plus one or more receivers can be located in each second data service hub 
110. The first and plurality of second data service hubs 110 can be linked using any 

20 of several known communications paths and protocols. 

The data service hub 110 is connected to a plurality of outdoor laser 
transceiver nodes 120. The laser transceiver nodes 120, in turn, are each connected to 
a plurality of optical taps 130. The optical taps 130 can be connected to a plurality of 
subscriber optical interfaces 140. Connected to each subscriber optical interface 140 

25 can be video services terminal (VST) 117. The video services RF terminal 117 is 
designed to work with the video services controller 115. The video services RF 
terminal 117 can receive control signals from the video services controller 115 and 
can transmit RF-modulated digital signals back to the video services controller 115. 
The RF-modulated digital signals may comprise the options selected by a user. 

30 However, the signals produced by the video service terminal 117 could be analog in 
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form and then modulated onto the RF carrier. But most legacy video service 
terminals 117 as of the writing of this description produce digital signals that are 
modulated onto an analog RF carrier. 

The video services terminal 117 can permit a subscriber to select options that 
5 are part of various exemplary video services such as impulse-pay-per-view and video- 
on-demand. However, as noted above with respect to the video services controller 
115, the present invention is not limited to the aforementioned applications and can 
include numerous other applications where RF analog signals are used to carry 
information back to the video services controller 115. 

10 Between respective components of the exemplary optical network architecture 

100 are optical waveguides such as optical waveguides 150, 160, 170, and 180. The 
optical waveguides 150-180 are illustrated by arrows where the arrowheads of the 
arrows illustrate exemplary directions of data flow between respective components of 
the illustrative and exemplary optical network architecture 100. While only an 

1 5 individual laser transceiver node 120, an individual optical tap 130, and an individual 
subscriber optical interface 140 are illustrated in Figure 1, as will become apparent 
from Figure 2 and its corresponding description, a plurality of laser transceiver nodes 
120, optical taps 130, and subscriber optical interfaces 140 can be employed without 
departing from the scope and spirit of the present invention. Typically, in many of the 

20 exemplary embodiments of the RF return system of the present invention, multiple 
subscriber optical interfaces 140 are connected to one or more optical taps 130. 

The outdoor laser transceiver node 120 can allocate additional or reduced 
bandwidth based upon the demand of one or more subscribers that use the subscriber 
optical interfaces 140. The outdoor laser transceiver node 120 can be designed to 

25 withstand outdoor environmental conditions and can be designed to hang on a strand 
or fit in a pedestal or "hand hole." The outdoor laser transceiver node can operate in a 
temperature range between minus 40 degrees Celsius to plus 60 degrees Celsius. The 
laser transceiver node 120 can operate in this temperature range by using passive 
cooling devices that do not consume power. 
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Unlike the conventional routers disposed between the subscriber optical 
interface 140 and data service hub 110, the outdoor laser transceiver node 120 does 
not require active cooling and heating devices that control the temperature 
surrounding the laser transceiver node 120. The RF system of the present invention 
5 attempts to place more of the decision-making electronics at the data service hub 110 
instead of the laser transceiver node 120. Typically, the decision-making electronics 
are larger in size and produce more heat than the electronics placed in the laser 
transceiver node of the present invention. Because the laser transceiver node 120 does 
not require active temperature controlling devices, the laser transceiver node 120 

10 lends itself to a compact electronic packaging volume that is typically smaller than the 
environmental enclosures of conventional routers. Further details of the components 
that make up the laser transceiver node 120 will be discussed in further detail below 
with respect to Figures 5, 6, and 7. 

In one exemplary embodiment of the present invention, three trunk optical 

15 waveguides 160, 170, and 180 (that can comprise optical fibers) can propagate optical 
signals from the data service hub 110 to the outdoor laser transceiver node 120. It is 
noted that the term "optical waveguide" used in the present application can apply to 
optical fibers, planar light guide circuits, and fiber optic pigtails and other like optical 
waveguide components that are used to form an optical architecture. 

20 A first optical waveguide 160 can carry downstream broadcast video and 

control signals generated by the video services controller 115. The signals can be 
carried in a traditional cable television format wherein the broadcast signals are 
modulated onto carriers, which in turn, modulate an optical transmitter (not shown in 
this Figure) in the data service hub 110. The first optical waveguide 160 can also 

25 carry upstream RF signals that are generated by respective video service terminals 
117. Further details of the format of the upstream RF signals will be discussed below. 

A second optical waveguide 170 can carry downstream targeted services such 
as data and telephone services to be delivered to one or more subscriber optical 
interfaces 140. In addition to carrying subscriber-specific optical signals, the second 
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optical waveguide 170 can also propagate internet protocol broadcast packets, as is 
understood by those skilled in the art. 

In one exemplary embodiment, a third optical waveguide 180 can transport 
data signals upstream from the outdoor laser transceiver node 120 to the data service 
5 hub 110. The optical signals propagated along the third optical waveguide 180 can 
also comprise data and telephone services received from one or more subscribers. 
Similar to the second optical waveguide 170, the third optical waveguide 180 can also 
carry IP broadcast packets, as is understood by those skilled in the art. 

The third or upstream optical waveguide 180 is illustrated with dashed lines to 
1 0 indicate that it is merely an option or part of one exemplary embodiment according to 
the present invention. In other words, the third optical waveguide 180 can be 
removed. In another exemplary embodiment, the second optical waveguide 170 
propagates optical signals in both the upstream and downstream directions as is 
illustrated by the double arrows depicting the second optical waveguide 170. 
15 In such an exemplary embodiment where the second optical waveguide 170 

propagates bidirectional optical signals, only two optical waveguides 160, 170 would 
be needed to support the optical signals propagating between the data server's hub 
110 in the outdoor laser transceiver node 120. In another exemplary embodiment (not 
shown), a single optical waveguide can be the only link between the data service hub 
20 110 and the laser transceiver node 120. In such a single optical waveguide 
embodiment, three different wavelengths can be used for the upstream and 
downstream signals. Alternatively, bi-directional data could be modulated on one 
wavelength. 

In one exemplary embodiment, the optical tap 130 can comprise an 8-way 
25 optical splitter. This means that the optical tap 130 comprising an 8-way optical 
splitter can divide downstream optical signals eight ways to serve eight different 
subscriber optical interfaces 140. In the upstream direction, the optical tap 130 can 
combine the optical signals received from the eight subscriber optical interfaces 140. 

In another exemplary embodiment, the optical tap 130 can comprise a 4-way 
30 sputter to service four subscriber optical interfaces 140. Yet in another exemplary 
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embodiment, the optical tap 130 can further comprise a 4-way splitter that is also a 
pass-through tap meaning that a portion of the optical signal received at the optical tap 
130 can be extracted to serve the 4-way splitter contained therein while the remaining 
optical energy is propagated further downstream to another optical tap or another 
5 subscriber optical interface 140. The present invention is not limited to 4-way and 8- 
way optical splitters. Other optical taps having fewer or more than 4-way or 8-way 
splits are not beyond the scope of the present invention. 

Referring now to Figure 2, this Figure is a functional block diagram 
illustrating an exemplary optical network architecture 100 that further includes 

10 subscriber groupings 200 that correspond with a respective outdoor laser transceiver 
node 120. Figure 2 illustrates the diversity of the exemplary optical network 
architecture 100 where a number of optical waveguides 150 connected between the 
outdoor laser transceiver node 120 and the optical taps 130 is minimized. Figure 2 
also illustrates the diversity of subscriber groupings 200 that can be achieved with the 

15 optical tap 130. 

Each optical tap 130 can comprise an optical splitter. The optical tap 130 
allows multiple subscriber optical interfaces 140 to be coupled to a single optical 
waveguide 150 that is connected to the outdoor laser transceiver node 120. In one 
exemplary embodiment, six optical fibers 150 are designed to be connected to the 

20 outdoor laser transceiver node 120. Through the use of the optical taps 130, sixteen 
subscribers can be assigned to each of the six optical fibers 150 that are connected to 
the outdoor laser transceiver node 120. 

In another exemplary embodiment, twelve optical fibers 150 can be connected 
to the outdoor laser transceiver node 120 while eight subscriber optical interfaces 140 

25 are assigned to each of the twelve optical fibers 150. Those skilled in the art will 
appreciate that the number of subscriber optical interfaces 140 assigned to a particular 
waveguide 150 that is connected between the outdoor laser transceiver node 120 and a 
subscriber optical interface 140 (by way of the optical tap 130) can be varied or 
changed without departing from the scope and spirit of the present invention. Further, 

30 those skilled in the art recognize that the actual number of subscriber optical interfaces 
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140 assigned to the particular fiber optic cable is dependent upon the amount of power 
available on a particular optical fiber 150. 

As depicted in subscriber grouping 200, many configurations for supplying 
communication services to subscribers are possible. For example, while optical tap 
5 130 A can connect subscriber optical interfaces 140 AI through subscriber optical 
interface 140^ to the outdoor laser transmitter node 120, optical tap 130 A can also 
connect other optical taps 130 such as optical tap 130 AN to the laser transceiver node 
120. The combinations of optical taps 130 with other optical taps 130 in addition to 
combinations of optical taps 130 with subscriber optical interfaces 140 are limitless. 

10 With the optical taps 130, concentrations of distribution optical waveguides 150 at the 
laser transceiver node 120 can be reduced. Additionally, the total amount of fiber 
needed to service a subscriber grouping 200 can also be reduced. 

With the active laser transceiver node 120 of the present invention, the 
distance between the laser transceiver node 120 and the data service hub 110 can 

15 comprise a range between 0 and 80 kilometers. However, the present invention is not 
limited to this range. Those skilled in the art will appreciate that this range can be 
expanded by selecting various off-the-shelf components that make up several of the 
devices of the present system. 

Those skilled in the art will appreciate that other configurations of the optical 

20 waveguides disposed between the data service hub 110 and outdoor laser transceiver 
node 120 are not beyond the scope of the present invention. Because of the bi- 
directional capability of optical waveguides, variations in the number and directional 
flow of the optical waveguides disposed between the data service hub 110 and the 
outdoor laser transceiver node 120 can be made without departing from the scope and 

25 spirit of the present invention. 

Referring now to Figure 3, this functional block diagram illustrates an 
exemplary data service hub 110 of the present invention. The exemplary data service 
hub 110 illustrated in Figure 3 is designed for a two trunk optical waveguide system. 
That is, this data service hub 110 of Figure 3 is designed to send and receive optical 

30 signals to and from the outdoor laser transceiver node 120 along the first optical 
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waveguide 160 and the second optical waveguide 170. With this exemplary 
embodiment, both the first optical waveguide 160 and the second optical waveguide 
170 support bi-directional data flow. In this way, the third optical waveguide 180 
discussed above is not needed. 
5 The data service hub 110 can comprise one or more modulators 310, 315 that 

are designed to support television broadcast services. The one or more modulators 
310, 315 can be analog or digital type modulators. In one exemplary embodiment, 
there can be at least 78 modulators present in the data service hub 110. Those skilled 
in the art will appreciate that the number of modulators 310, 315 can be varied 

10 without departing from the scope and spirit of the present invention. 

The signals from the modulators 310, 315 are combined in a first combiner 
320A. The control signals from the video services controller 115 are modulated on an 
RF carrier by an RF transmitter 303. The RF transmitter 303 feeds its downstream 
analog RF electrical signals into a second combiner 320B where the electrical . signals 

15 from the two modulators 310, 315 are combined. The combined video services 
controller signals and broadcast video signals are supplied to an optical transmitter 
325 where these signals are converted into optical form. 

Those skilled in the art will recognize that a number of variations of this signal 
flow are possible without departing from the scope and spirit of the present invention. 

20 For example, the two combiners 320A and 320B may actually be one and the same 
combiner. Also, video signals may be generated at another data service hub 110 and 
sent to the data service hub 110 of Figure 3 using any of a plurality of different 
transmission methods known to these skilled in the art. For example, some portion of 
the video signals may be generated and converted to optical form at a remote first data 

25 service hub 110. At a second data service hub 110, they may be combined with other 
signals generated locally. 

The optical transmitter 325 can comprise one of Fabry-Perot (F-P) Laser 
Transmitters, distributed feedback lasers (DFBs), or Vertical Cavity Surface Emitting 
Lasers (VCSELs). However, other types of optical transmitters are possible and are 

30 not beyond the scope of the present invention. With the aforementioned optical 
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transmitters 325, the data service hub 110 lends itself to efficient upgrading by using 

off-the-shelf hardware to generate optical signals. 

The optical signals generated by the optical transmitter 325 are propagated to 

amplifier 330 such as an Erbium Doped Fiber Amplifier (EDFA) where the optical 
5 signals are amplified. The amplified optical signals are then propagated through a 

diplexer 420 out of the data service hub 110 via a bi-directional video signal input / 

output port 335 which is connected to one or more first optical waveguides 160. 

The bi-directional video signal input / output port 335 is comiected to one or 

more first optical waveguides 160 that support bi-directional optical signals 
10 originating from the data service hub 110 and video services terminals 117. The 

diplexer 420 disposed adjacent to the bi-directional video signal input / output port 

335 separates upstream digital, optical RF packets originating originated by the video 

service terminals 117 from downstream analog optical RF video service control 

signals and broadcast video signals. 
15 The upstream digital, optical RF packets are fed into an optical receiver 370 

where the upstream optical RF packets are converted from the optical domain into the 

electrical domain. The optical receiver 370 can comprise one or more photoreceptors 

or photodiodes that convert optical signals into electrical signals. 

Coupled to the optical receiver 370 is a delay generator 305 that can 
20 substantially reduce or eliminate any latency or jitter in the upstream RF packets. 

Further details of the delay generator will be discussed below with respect to Figure 4. 

The delay generator 305 feeds into a data-to-RF converter 307 that transforms RF 

packets back into their original RF analog electrical format. Further details of RF 

converter 307 will be discussed below with respect to Figure 11. The RF analog 
25 electrical signals generated by the data-to-RF converter 307 are demodulated by an 

RF receiver 309. The demodulated signals are then propagated to the video services 

controller 115. 

The data service hub 110 illustrated in Figure 3 can further comprise an 
Internet router 340. The data service hub 110 can further comprise a telephone switch 
30 345 that supports telephony service to the subscribers of the optical network system 
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100. However, other telephony service such as Internet Protocol telephony can be 
supported by the data service hub 110. If only Internet Protocol telephony is 
supported by the data service hub 110, then it is apparent to those skilled in the art 
that the telephone switch 345 could be eliminated in favor of lower cost VoIP 
5 equipment. For example, in another exemplary embodiment (not shown), the 
telephone switch 345 could be substituted with other telephone interface devices such 
as a soft switch and gateway. But if the telephone switch 345 is needed, it may be 
located remotely from the data service hub 110 and can be connected through any of 
several conventional methods of interconnection. 

10 The data service hub 110 can further comprise a logic interface 350 that is 

connected to a laser transceiver node routing device 355. The logic interface 350 can 
comprise a Voice over Internet Protocol (VoIP) gateway when required to support 
such a service. The laser transceiver node routing device 355 can comprise a 
conventional router that supports an interface protocol for communicating with one or 

15 more laser transceiver nodes 120. This interface protocol can comprise one of gigabit 
or faster Ethernet, Internet Protocol (IP) or SONET protocols. However, the present 
invention is not limited to these protocols. Other protocols can be used without 
departing from the scope and spirit of the present invention. 

The logic interface 350 and laser transceiver node routing device 355 can read 

20 packet headers originating from the laser transceiver nodes 120 and the internet router 
340. The logic interface 350 can also translate interfaces with the telephone switch 
345. After reading the packet headers, the logic interface 350 and laser transceiver 
node routing device 355 can determine where to send the packets of information. 

The laser transceiver node routing device 355 can supply downstream data 

25 signals to respective optical transmitters 325. The data signals converted by the 
optical transmitters 325 can then be propagated to a bi-directional splitter 360. The 
optical signals sent from the optical transmitter 325 into the bi-directional splitter 360 
can then be propagated towards a bi-directional data input/output port 365 that is 
connected to a second optical waveguide 170 that supports bi-directional optical data 

30 signals between the data service hub 110 and a respective laser transceiver node 120. 
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Upstream optical signals received from a respective laser transceiver node 120 
can be fed into the bi-directional data input/output port 365 where the optical signals 
are then forwarded to the bi-directional splitter 360. From the bi-directional splitter 
360, respective optical receivers 370 can convert the upstream optical signals into the 
5 electrical domain. The upstream electrical signals generated by respective optical 
receivers 370 are then fed into the laser transceiver node routing device 355. As noted 
above, each optical receiver 370 can comprise one or more photoreceptors or 
photodiodes that convert optical signals into electrical signals. 

When distances between the data service hub 110 and respective laser 
10 transceiver nodes 120 are modest, the optical transmitters 325 can propagate optical 
signals at 1310 nm. But where distances between the data service hub 110 and the 
laser transceiver node are more extreme, the optical transmitters 325 can propagate the 
optical signals at wavelengths of 1550 nm with or without appropriate amplification 
devices. 

1 5 Those skilled in the art will appreciate that the selection of optical transmitters 

325 for each circuit may be optimized for the optical path lengths needed between the 
data service hub 110 and the outdoor laser transceiver node 120. Further, those 
skilled in the art will appreciate that the wavelengths discussed are practical but are 
only illustrative in nature. In some scenarios, it may be possible to use 

20 communication windows at 1310 and 1550 nm in different ways without departing 
from the scope and spirit of the present invention. Further, the present invention is 
not limited to a 1310 and 1550 nm wavelength regions. Those skilled in the art will 
appreciate that smaller or larger wavelengths for the optical signals are not beyond the 
scope and spirit of the present invention. 

25 Referring now to Figure 4, this Figure illustrates a functional block diagram of 

an exemplary data service hub 110 that provides additional detail of hardware that 
supports . multiple upstream RF signals originating from multiple video service 
terminals 117. The details of the hardware handling regular downstream and 
upstream data is omitted from Figure 4. Only the differences between Figure 4 and 

30 Figure 3 will be discussed below. 
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An electrical splitter 311 is coupled to the video service control RF transmitter 
303. The electrical splitter 311 divides the video service control signals between 
combiners 320A, 320B and 320C. Broadcast signals from other combiners 320 are 
also fed into the aforementioned combiners 320A, 320B and 320C. 
5 The electrical splitter 311 can divide the output of the video service control RF 

transmitter 303 to provide control signals to a plurality of optical nodes 120 and 
ultimately a plurality of video service terminals 117. Each laser transceiver node 120 
can serve at least 96 subscribers. 

The output of each combiner 320A, 320B and 320C is fed into a respective 

10 optical transmitter 325, which in turn, is fed into an optical amplifier 330. The signals 
from each optical amplifier are fed into a respective diplexer 420. Each diplexer 420 
allows a respective optical wave guide 160 to propagate bi-directional signals on at 
least two different wavelengths. And in one exemplary embodiment, the downstream 
broadcast and control signals are carried at 1550 nanometers. Upstream RF packets 

15 associated with the video service terminals 117 can be propagated at 1310 
nanometers. An optical splitter 415 splits the downstream optical signals to serve a 
number of outdoor laser transceiver nodes 120. In another exemplary embodiment 
(not shown) Diplexer 420 can be omitted, and two fiber strands are used to carry the 
data in the two directions. 

20 Upstream optical RF packets are combined in the optical splitter 415. In 

diplexer 420, the upstream optical RF packets are separated from the downstream 
optical signals. The diplexer 420 may comprise a wave division multiplexer or other 
like structures. 

From the diplexer 420, the upstream RF data packets are converted into the 
25 electrical domain with an optical receiver 370. The electrical RF data packets are then 
forwarded to a respective delay generator 305. The output of each respective delay 
generator 305 is fed into an adder 313 if multiple laser transceiver nodes 120 are being 
serviced by a respective video service control receiver 309. Specifically, an adder 313 
enables multiple transceiver nodes to be handled by respective individual data-to-RF 
30 converters 307 and video service control receivers 309. The adders 313 can reduce 
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the amount of hardware needed by the video service controller 115 to manage 
multiple subscribers. 

Referring now to Figure 5, this Figure illustrates a functional block diagram of 
an exemplary outdoor laser transceiver node 120A of the present invention. In this 
5 exemplary embodiment, the laser transceiver node 120 A can comprise a bi-directional 
optical signal input port 405 that can receive optical signals propagated from the data 
service hub 110 that are propagated along a first optical waveguide 160. The optical 
signals received at the bi-directional optical signal input port 405 can comprise 
downstream broadcast video data, downstream video service control signals, and 

1 0 upstream RF packets. 

The downstream optical signals received at the input port 405 are propagated 
through a diplexer 420 to an amplifier 410 such as an Erbium Doped Fiber Amplifier 
(EDFA) in which the optical signals are amplified. The amplified optical signals are 
then propagated to an optical splitter 415 that divides the downstream broadcast video 

15 optical signals and video service control signals among diplexers 420 that are 
designed to forward optical signals to predetermined subscriber groups 200. 

The laser transceiver node 120 can further comprise a bi-directional optical 
signal input/output port 425 that connects the laser transceiver node 120 to a second 
optical waveguide 170 that supports bi-directional data flow between the data service 

20 hub 110 and laser transceiver node 120. Downstream optical signals flow through the 
bi-directional optical signal input/output port 425 to an optical waveguide transceiver 
430 that converts downstream optical signals into the electrical domain. The optical 
waveguide transceiver further converts upstream electrical signals into the optical 
domain. The optical waveguide transceiver 430 can comprise an optical/electrical 

25 converter and an electrical/optical converter. 

Downstream and upstream electrical signals are communicated between the 
optical waveguide transceiver 430 and an optical tap routing device 435. The optical 
tap routing device 435 can manage the interface with the data service hub optical 
signals and can route or divide or apportion the data service hub signals according to 

30 individual tap multiplexers 440 that communicate optical signals with one or more 
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optical taps 130 and ultimately one or more subscriber optical interfaces 140. It is 
noted that tap multiplexers 440 operate in the electrical domain to modulate laser 
transmitters in order to generate optical signals that are assigned to groups of 
subscribers coupled to one or more optical taps. 
5 Optical tap routing device 435 is notified of available upstream data packets 

and upstream RP packets as they arrive, by each tap multiplexer 440. The optical tap 
routing device is connected to each tap multiplexer 440 to receive these upstream data 
and RF packets. The optical tap routing device 435 relays the packets to the data 
service hub 110 via the optical waveguide transceiver 430 and bidirectional optical 

10 signal input/output 425. The optical tap routing device 435 can build a lookup table 
from these upstream data packets coming to it from all tap multiplexers 440 (or ports), 
by reading the source IP address of each packet, and associating it with the tap 
multiplexer 440 through which it came. 

The optical tap routing device 435 can separate upstream data packets from 

15 upstream RF packets. The optical tap routing device 435 sends upstream data packets 
to the optical waveguide transceiver 430 and RF packets to a data conditioner 407. 
The data conditioner 407 can comprise a buffer such as a FIFO. A FIFO is a special 
purpose circuit known to those skilled in the art. It takes in data at an interstitial burst 
rate, then puts out the data ("plays it out") at the slower clock frequency that 

20 corresponds to the rate at which it was supplied. A FIFO can begin transmitting data 
as soon as it begins receiving the data, because it is assured of getting data in data at a 
fast enough rate that it will not run out of data before it completes sending the packet. 

Therefore, the data conditioner 407 of the laser transceiver node 120 can slow 
down the transmission speed of the upstream RF packets. For example, the upstream 

25 RF packets may enter the data conditioner 407 at a transmission speed of 500 
Megabits per second (Mbps) and exit the data conditioner at a transmission speed of 
40 Megabits per second. However, the present invention is not limited to these 
exemplary transmission rates. For example, the exit transmission speed may comprise 
a rate of 25 Megabits per second. But other transmission rates that are faster or slower 

30 than those described are not beyond the scope of the present invention. 
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By slowing the transmission speed of the upstream RF packets, the data 
conditioner 407 offers several advantages. One advantage is that the relatively slow 
upstream transmission rate allows the use of lower power optical transmitters 325. 
That is, while optical transmitter 325 connected to the data conditioner 407 may 
5 comprise one of a Fabry-Perot (F-P) laser, a distributed feedback laser (DFB), or a 
Vertical Cavity Surface Emitting Laser (VCSEL), other lower power lasers can be 
used. Those skilled in the art recognize that lower power lasers are typically lower in 
cost compared to high power lasers. The optical transmitter 325 can transmit the 
upstream RF packets in the 1310 nanometer wavelength range. 
10 Referring back to the optical tap routing device 435, the aforementioned 

lookup table can be used to route packets in the downstream path. As each 
downstream data packet comes in from the optical waveguide transceiver 430, the 
optical tap routing device looks at the destination IP address (which is the same as the 
source IP address for the upstream packets). From the lookup table the optical tap 
15 routing device 435 can determine which port (or, tap multiplexer 440) is connected to 
that IP address, so it sends the packet to that port. This can be described as a normal 
layer 3 router function as is understood by those skilled in the art. 

The optical tap routing device 435 can assign multiple subscribers to a single 
port. More specifically, the optical tap routing device 435 can service groups of 
20 subscribers with corresponding respective, single ports. The optical taps 130 coupled 
to respective tap multiplexers 440 can supply downstream optical signals to pre- 
assigned groups of subscribers who receive the downstream optical signals with the 
subscriber optical interfaces 140. 

In other words, the optical tap routing device 435 can determine which tap 
25 multiplexers 440 is to receive a downstream electrical signal, or identify which tap 
multiplexer 440 propagated an upstream optical signal (that is received as an electrical 
signal). The optical tap routing device 435 can format data and implement the 
protocol required to send and receive data from each individual subscriber connected 
to a respective optical tap 130. The optical tap routing device 435 can comprise a 
30 computer or a hardwired apparatus that executes a program defining a protocol for 
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communications with groups of subscribers assigned to individual ports. Exemplary 
embodiments of programs defining the protocol is discussed in the following 
copending and commonly assigned non-provisional patent applications, the entire 
contents of which are hereby incorporated by reference: "Method and System for 
5 Processing Downstream Packets of an Optical Network," filed on October 26, 2001 in 
the name of Stephen A. Thomas et al. and assigned U.S. Serial No. 

; and "Method and System for Processing Upstream 

Packets of an Optical Network," filed on October 26, 2001 in the name of Stephen A. 
Thomas et al. and assigned U.S. Serial No. . 

10 The single ports of the optical tap routing device are connected to respective 

tap multiplexers 440. With the optical tap routing device 435, the laser transceiver 
node 120 can adjust a subscriber's bandwidth on a subscription basis or on an as- 
needed or demand basis. The laser transceiver node 120 via the optical tap routing 
device 435 can offer data bandwidth to subscribers in pre-assigned increments. For 

15 example, the laser transceiver node 120 via the optical tap routing device 435 can 
offer a particular subscriber or groups of subscribers bandwidth in units of 1, 2, 5, 10, 
20,: 50, 100, 200, and 450 Megabits per second (Mb/s). Those skilled in the art will 
appreciate that other subscriber bandwidth units are not beyond the scope of the 
present invention. 

20 Electrical signals are communicated between the optical tap routing device 

435 and respective tap multiplexers 440. The tap multiplexers 440 propagate optical 
signals to and from various groupings of subscribers by way of laser optical 
transmitter 525 and laser optical receiver 370. Each tap multiplexer 440 is connected 
to a respective optical transmitter 325. As noted above, each optical transmitter 325 

25 can comprise one of a Fabry-Perot (F-P) laser, a distributed feedback laser (DFB), or a 
Vertical Cavity Surface Emitting Laser (VCSEL). The optical transmitters produce 
the downstream optical signals that are propagated towards the subscriber optical 
interfaces 140. Each tap multiplexer 440 is also coupled to an optical receiver 370. 
Each optical receiver 370, as noted above, can comprise photoreceptors or 

30 photodiodes. Since the optical transmitters 325 and optical receivers 370 can 
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comprise off-the-shelf hardware to generate and receive respective optical signals, the 
laser transceiver node 120 lends itself to efficient upgrading and maintenance to 
provide significantly increased data rates. 

Each optical transmitter 325 and each optical receiver 370 are connected to a 
5 respective bi-directional splitter 360. Each bi-directional splitter 360 in turn is 
connected to a diplexer 420 which combines the unidirectional optical signals 
received from the splitter 415 with the downstream optical signals received from 
respective optical receivers 370. In this way, broadcast video services as well as data 
services can be supplied with a single optical waveguide such as a distribution optical 

10 waveguide 150 as illustrated in Figure 2. In other words, optical signals can be 
coupled from each respective diplexer 420 to a combined signal input/output port 445 
that is connected to a respective distribution optical waveguide 150. 

Unlike the conventional art, the laser transceiver node 120 does not employ a 
conventional router. The components of the laser transceiver node 120 can be 

15 disposed within a compact electronic packaging volume. For example, the laser 
transceiver node 120 can be designed to hang on a strand or fit in a pedestal similar to 
conventional cable TV equipment that is placed within the "last," mile or subscriber 
proximate portions of a network. It is noted that the term, "last mile," is a generic 
term often used to describe the last portion of an optical network that connects to 

20 subscribers. 

Also because the optical tap routing device 435 is not a conventional router, it 
does not require active temperature controlling devices to maintain the operating 
environment at a specific temperature. Optical tap routing device 435 does not need 
active temperature controlling devices because it can be designed with all 

25 temperature-rated components. In other words, the laser transceiver node 120 can 
operate in a temperature range between minus 40 degrees Celsius to 60 degrees 
Celsius in one exemplary embodiment. 

While the laser transceiver node 120 does not comprise active temperature 
controlling devices that consume power to maintain temperature of the laser 

30 transceiver node 120 at a single temperature, the laser transceiver node 120 can 
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comprise one or more passive temperature controlling devices 450 that do not 
consume power. The passive temperature controlling devices 450 can comprise one 
or more heat sinks or heat pipes that remove heat from the laser transceiver node 120. 
Those skilled in the art will appreciate that the present invention is not limited to these 
5 exemplary passive temperature controlling devices. Further, those skilled in the art 
will also appreciate the present invention is not limited to the exemplary operating 
temperature range disclosed. With appropriate passive temperature controlling 
devices 450, the operating temperature range of the laser transceiver node 120 can be 
reduced or expanded. 

10 In addition to the laser transceiver node's 120 ability to withstand harsh 

outdoor environmental conditions, the laser transceiver node 120 can also provide 
high speed symmetrical data transmissions. In other words, the laser transceiver node 
120 can propagate the same bit rates downstream and upstream to and from a network 
subscriber. This is yet another advantage over conventional networks, which typically 

15 cannot support symmetrical data transmissions as discussed in the background section 
above. Further, the laser transceiver node 120 can also serve a large number of 
subscribers while reducing the number of connections at both the data service hub 110 
and the laser transceiver node 120 itself. 

The laser transceiver node 120 also lends itself to efficient upgrading that can 

20 be performed entirely on the network side or data service hub 110 side. That is, 
upgrades to the hardware forming the laser transceiver node 120 can take place in 
locations between and within the data service hub 110 and the laser transceiver node 
120. This means that the subscriber side of the network (from distribution optical 
waveguides 150 to the subscriber optical interfaces 140) can be left entirely in-tact 

25 during an upgrade to the laser transceiver node 120 or data service hub 110 or both. 

The following is provided as an example of an upgrade that can be employed 
utilizing the principles of the present invention. In one exemplary embodiment of the 
invention, the subscriber side of the laser transceiver node 120 can service six groups 
30 of 16 subscribers each for a total of up to 96 subscribers. Each group of 16 
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subscribers can share a data path of about 450 Mb/s speed. Six of these paths 
represents a total speed of 6 X 450 = 2.7 Gb/s. In the most basic form, the data 
communications path between the laser transceiver node 120 and the data service hub 
110 can operate at 1 Gb/s. Thus, while the data path to subscribers can support up to 
5 2.7 Gb/s, the data path to the network can only support 1 Gb/s. This means that not 
all of the subscriber bandwidth is useable. This is not normally a problem due to the 
statistical nature of bandwidth usage. 

An upgrade could be to increase the 1 Gb/s data path speed between the laser 
transceiver node 120 and the data service hub 110. This may be done by adding more 

10 1 Gb/s data paths. Adding one more path would increase the data rate to 2 Gb/s, 
approaching the total subscriber-side data rate. A third data path would allow the 
network-side data rate to exceed the subscriber-side data rate. In other exemplary 
embodiments, the data rate on one link could rise from 1 Gb/s to 2 Gb/s then to 1 0 
Gb/s, so when this happens, a link can be upgraded without adding more optical links. 

15 The additional data paths (bandwidth) may be achieved by any of the methods 

known to those skilled in the art. It may be accomplished by using a plurality of 
optical waveguide transceivers 430 operating over a plurality of optical waveguides, 
or they can operate over one optical waveguide at a plurality of wavelengths, or it may 
be that higher speed optical, waveguide transceivers 430 could be used as shown 

20 above. Thus, by upgrading the laser transceiver node 120 and the data service hub 
110 to operate with more than a single 1 Gb/s link, a system upgrade is effected 
without having to make changes at the subscribers' premises. 

Figure 6 is a functional block diagram illustrating another exemplary outdoor 
laser transceiver node 120B that employs dual transceivers between tap multiplexers 

25 440 and respective groups of subscribers. In this embodiment the downstream optical 
signals originating from each respective tap multiplexer 440 are split immediately 
after the tap multiplexer 440. In this exemplary embodiment, each optical transmitter 
325 is designed to service only eight subscribers as opposed to sixteen subscribers of 
other embodiments. But each tap multiplexer 440 typically services sixteen or fewer 

30 subscribers. 



03C05S12A1 I > 



WO 03/005612 



PCT/US02/03056 



29 

In this way, the splitting loss attributed to the optical taps 130 placed further 
downstream relative to the tap multiplexers 440 can be substantially reduced. For 
example, in other exemplary embodiments that do not split the downstream optical 
signals immediately after the tap multiplexer 440, such embodiments are designed to 
5 service sixteen or fewer subscribers with a corresponding theoretical splitting loss of 
approximately 14 dB (including an allowance for losses). With the current exemplary 
embodiment that services eight or fewer subscribers, the theoretical splitting loss is 
reduced to approximately 10.5 dB. 

In laser transceiver node 120B, the outputs of two optical receivers 370 cannot 

10 be paralleled because at all times one receiver 370 or the other is receiving signals 
from respective subscribers, while the other receiver 370 is not receiving signals. The 
receiver 370 not receiving any upstream optical signals could output noise which 
would interfere with reception from the receiver 370 receiving upstream optical 
signals. Therefore, a switch 1105 can be employed to select the optical receiver 370 

15 that is currently receiving an upstream optical signal. The tap multiplexer 440 can 
control the switch 1105 since it knows which optical receiver 370 should be receiving 
upstream optical signals at any given moment of time. 

However, since the RF return system of the present invention preserves the 
data collision detection scheme of the legacy video services controller 115, there may 

20 be instances when the tap multiplexer 440 is not aware of upstream RF packets. In 
other words, since the tap multiplexer 440 operates independently of the video 
services controller 115, it does not have any information about the sequence in which 
video service terminals 117 are transmitting upstream RF information. Also, the tap 
multiplexer 440 may not be aware of new subscriber optical interfaces 140 that are 

25 added to the system and who are not registered with the tap multiplexer 440. In these 
scenarios, the tap multiplexer 440 may not know in which position to place switch 
1105. A serializer/deserializer circuit (SERDES - not shown but known to those 
skilled in the art) that typically follows the switch 1105 and is part of tap multiplexer 
440, may loose synchronization if it doesn't receive a signal for some short length of 

30 time. 
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Therefore, each optical receiver 370 may comprise a signal detector line 372 
that is coupled to a driver 374. The driver 374 is connected to the switch 1105. The 
signal detector line 372 may comprise hardware built into a respective optical receiver 
that is designed to detect a presence of an optical signal as it enters a respective 
5 optical receiver 370. The signal detector line 372 is typically designed to check for 
the presence of an optical signal during very short intervals that are usually smaller 
than the interstitial intervals (the time between transmissions of multiple RF packets 
from different subscriber optical interfaces 140). 

Referring now to Figure 7, this Figure illustrates a functional block diagram of 

10 an exemplary laser transceiver node 120C that provides additional detail of hardware 
that supports multiple RF packets originating from multiple video service terminals 
117. Only the differences between Figure 6 and Figure 7 will be discussed below. 

RF packets from the subscriber optical interfaces 140 typically enter the laser 
transceiver node 120 as a burst, located in time between other types of regular 

1 5 upstream packet data. The RF packets are separated from the other upstream packet 
data in the optical tap routing device 435. The RF packets are slowed down by a 
respective data conditioner 407, and then are applied to an adder 313, which combines 
all data bursts regardless of which optical tap routing device 435 forwarded the RF 
packets. Since only one return path is active at a time, by virtue of the management of 

20 time slots by the video services controller 115, then all inputs to the adder 313 are 
zero except the active input. 

It is noted that the conversion from digital RF packets to analog RF signals 
will not take place until the RF packets are received at the data service hub 110. As 
noted above, the RF packets are slowed down at the laser transceiver node 120 to 

25 reduce the demands on the transmission path back to the data service hub 110. 

Referring now to Figure 8, this Figure is a functional block diagram 
illustrating an optical tap 130 connected to a subscriber optical interface 140 by a 
single optical waveguide 150 according to one exemplary embodiment of the present 
invention. The optical tap 130 can comprise a combined signal input/output port that 

30 is connected to another distribution optical waveguide that is connected to a laser 
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transceiver node 120. As noted above, the optical tap 130 can comprise an optical 
splitter 510 that can be a 4-way or 8-way optical splitter. Other optical taps having 
fewer or more than 4-way or 8-way splits are not beyond the scope of the present 
invention. 

5 The optical tap 130 can divide downstream optical signals to serve respective 

subscriber optical interfaces 140. In the exemplary embodiment in which the optical 
tap 130 comprises a 4-way optical tap, such an optical tap can be of the pass-through 
type, meaning that a portion of the downstream optical signals is extracted or divided 
to serve a 4-way splitter contained therein, while the rest of the optical energy is 

10 passed further downstream to other distribution optical waveguides 150. 

The optical tap 130 is an efficient coupler that can communicate optical 
signals between the laser transceiver node 120 and a respective subscriber optical 
interface 140. Optical taps 130 can be cascaded, or they can be connected in a star 
architecture from the laser transceiver node 120. As discussed above, the optical tap 

15 130 can also route signals to other optical taps that are downstream relative to a 
respective optical tap 130. 

The optical tap 130 can also connect to a limited or small number of optical 
waveguides so that high concentrations of optical waveguides are not present at any 
particular laser transceiver node 120, In other words, in one exemplary embodiment, 

20 the optical tap can connect to a limited number of optical waveguides 150 at a point 
remote from the laser transceiver node 120 so that high concentrations of optical 
waveguides 150 at a laser transceiver node can be avoided. However, those skilled in 
the art will appreciate that the optical tap 130 can be incorporated within the laser 
transceiver node 120 with respect to another exemplary embodiment (not shown). 

25 The subscriber optical interface 140 functions to convert downstream optical 

signals received from the optical tap 130 into the electrical domain that can be 
processed with appropriate communication devices. The subscriber optical interface 
140 further functions to convert upstream data and RF packet electrical signals into 
upstream optical signals that can be propagated along a distribution optical waveguide 

30 150 to the optical tap 130. 
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The subscriber optical interface 140 can comprise an optical diplexer 515 that 
divides the downstream optical signals received from the distribution optical 
waveguide 150 between a bi-directional optical signal splitter 520 and an analog 
optical receiver 525. The optical diplexer 515 can receive upstream optical signals 
5 generated by a digital optical transmitter 530. The digital optical transmitter 530 
converts electrical binary/digital signals such as upstream data packets and RF packets 
to optical form so that the optical signals can be transmitted back to the data service 
hub 110. Conversely, the digital optical receiver 540 converts optical signals into 
electrical binary/digital signals so that the electrical data signals can be handled by 
1 0 processor 550. Processor 550 can comprise an application specific integrated circuit 
(ASIC) in combination with a central processing unit (CPU). However, other 
hardware implementations are not beyond the scope and spirit of the present 
invention. 

The RF return system of the present invention can propagate the optical 
15 signals at various wavelengths. However, the wavelength regions discussed are 
practical and are only illustrative of exemplary embodiments. Those skilled in the art 
will appreciate that other wavelengths that are either higher or lower than or between 
the 1310 and 1550 nm wavelength regions are not beyond the scope of the present 
invention. 

20 The analog optical receiver 525 can convert the downstream broadcast optical 

video signals into modulated RF television signals and downstream video service 
control signals into analog RF signals that are propagated through an RF diplexer 507 
and out of the modulated RF signal input / output 535. The modulated RF 
bidirectional signal input / output 535 can feed into the video services terminal 117. 

25 The video services terminal 117 can be coupled to a tuner 503 that comprises a 
television set or radio. The analog optical receiver 525 can process analog modulated 
RF transmission as well as digitally modulated RF transmissions for digital TV 
applications. 

The bi-directional optical signal splitter 520 can propagate combined optical 
30 signals in their respective directions. That is, downstream optical signals entering the - 
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bi-directional optical splitter 520 from the optical the optical diplexer 515, are 
propagated to the digital optical receiver 540. Upstream optical signals entering it 
from the digital optical transmitter 530 are sent to optical diplexer 515 and then to 
optical tap 130. The bi-directional optical signal splitter 520 is connected to a digital 
5 optical receiver 540 that converts downstream data optical signals into the electrical 
domain. Meanwhile the bi-directional optical signal splitter 520 is also connected to a 
digital optical transmitter 530 that converts upstream data packet and RF packet 
electrical signals into the optical domain. 

The digital optical receiver 540 can comprise one or more photoreceptors or 

10 photodiodes that convert optical signals into the electrical domain. The digital optical 
transmitter 530 can comprise one or more lasers such as the Fabry-Perot (F-P) Lasers, 
distributed feedback lasers, and Vertical Cavity Surface Emitting Lasers (VCSELs). 
Other types of lasers are within the scope and spirit of the invention. 

The digital optical receiver 540 and digital optical transmitter 530 are 

15 connected to a processor 550 that selects data intended for the instant subscriber 
optical interface 140 based upon an embedded address. The data handled by the 
processor 550 can comprise one or more of telephony and data services such as an 
Internet service. The processor 550 is connected to a telephone input/output 560 that 
can comprise an analog interface. The processor 550 is also connected to a data 

20 interface 555 that can provide a link to computer devices, ISDN phones, and other like 
devices. Alternatively, the data interface 555 can comprise an interface to a Voice 
over Internet Protocol (VoIP) telephone or Ethernet telephone. The data interface 555 
can comprise one of Ethernet (lOBaseT, 100BaseT, Gigabit) interface, HPNA 
interface, a universal serial bus (USB) an IEEE1394 interface, an ADSL interface, and 

25 other like interfaces. 

When the video services terminal 117 generates RF signals, these RF signals 
are propagated through the modulated RF signal input / output 535 to the diplexer 
507. The diplexer 507 passes the upstream analog RF signals to an analog-to-digital 
(A/D) converter 509. From the AID converter 509, the digital RF signals are passed 

30 to a data reducer 511. Further details of the data reducer 511 will be discussed below 
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with respect to Figure 10a. The reduced RF signals are then propagated to a data 
conditioner 407. The data conditioner 407 at this stage can speed up data 
transmission of the RF signals. The data conditioner 407 can comprise a buffer such 
as a FIFO that also inputs a time stamp and identification information with the 
5 digitized RF signals to form RF packets. That is, an RF packet can comprise digitized 
and reduced RF signals that are coupled with identification and timing information. 
Reduced RF signals may enter the data conditioner 407 at an exemplary transmission 
speed of 40 Megabits per second (Mps) while the newly formed RF packets exit the 
data conditioner 407 at an exemplary transmission speed of 500 Megabits per second 
10 (Mps). However, other transmission speeds are not beyond the scope of the present 
invention. 

RF packets are transferred upstream from the data conditioner 407 when a 
switch 513 connects the data conditioner 407 to the digital optical transmitter 530. 
The switch 513 is controlled by processor 550. When switch 513 is not connected to 

15 the data conditioner 407, it can connect the output of the processor 550 to the digital 
optical transmitter 530. In other words, the switch 513 may be activated at 
appropriate times to combine the upstream RF packets from the data conditioner 407 
with upstream data packets from the processor 550 destined for the data service hub 
110. More specifically, the RF packets may be inserted between upstream packets 

20 comprising data generated by a subscriber with a communication device such as a 
computer or telephone. The insertions between regular upstream data packets are 
referred to as "intersititals" as will be discussed in further detail below with respect to 
Figures 13 and 14. 

In one exemplary embodiment, the regular upstream data packets are kept in 
25 tact meaning that the processor 550 determines what upstream data packets can fit 
between the interstitials. In other words, in one exemplary embodiment, the processor 
550 does not break any upstream data packets. However, in another exemplary 
embodiment (not shown), it is possible for processor 550 to break or separate 
upstream packets into smaller packets so that they will fit between the interstitials. 
30 Since the breaking and reforming of packets is known to those skilled in the art, a 
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detailed discussion of packet breaking and reforming methods will not be discussed 
herein. 

The insertion of RF packets between regular data packets for upstream 
transmission is yet one important feature of the invention. In other words, the timing 
5 at which the RF packets are inserted between upstream data packets for upstream 
transmission is one inventive aspect of the present invention. The amount of time 
between RF packet transmissions is typically smaller than the amount of time allotted 
for the production of the analog RF signal produced by the video service terminal 117. 
Stated differently, the size of the RF signal produced by the video service 

10 terminal 117 as measured in time is usually greater than the amount of time between 
upstream transmissions of a pair of RF packets. While the upstream transmission of 
data packets is interrupted at intervals with upstream RF packet transmission, it is 
noted that the intervals of interruption do not need to be regularly spaced from one 
another in time. However, in one exemplary embodiment, the interruptions are 

15 designed to be spaced at regular, uniform intervals from one another. With the 
present invention, the upstream transmission of RF packets can occur with very low 
latency and j itter. 

It is noted that the switch 513 of each subscriber optical interface 140 is 
activated at the same time. In other words, each switch 513 of each subscriber optical 

20 interface 140 checks for RF packets from a respective data conditioner 407 at the 
same time. While such functionality may appear to contribute to possible data 
collisions between respective video service terminals 117, the video service controller 
115 actually prevents any data collisions between respective RF packets of different 
subscriber optical interfaces 140. That is, another unique feature of the RF return 

25 system of the present invention is that the timing between legacy video service 
terminal transmissions is typically not controlled by the present invention. 

The RF return system of the present invention actually preserves the upstream 
transmission timing scheme that is controlled by the legacy video service controller 
115 that is housed within the data service hub 110. The upstream transmission timing 

30 scheme generated by the legacy video service controller 115 is designed to eliminate 
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any collisions between RF signals produced by different video service terminals 117. 
The present invention operates independently of this legacy upstream transmission 
timing scheme so "that the legacy upstream transmission timing scheme can remain 
effective. 

5 Referring now to Figure 9, this Figure illustrates a functional block diagram of 

an overview of the aforementioned architecture that forms the RF return path for RF 
signals originating from a video service terminal 117. The RF signals to be returned 
from the video service terminal 117 in a subscriber's home is propagated towards the 
modulated RF input / output signal interface 535 near the lower right corner of the 

10 subscriber optical interface 140. Each RF return signal can comprise a frequency that 
exists between an exemplary range of 5 and 42 MHz in North America. The RF 
signal can comprise an occasional burst of RF modulated data, which must be 
transported back to the headend. Because of certain design parameters of legacy 
video service systems that work according DVS 167 and DVS 178 standards, it is 

1 5 recommended that the modulated RF signal be delivered back to the data service hub 
110 in a time frame comprising approximately one millisecond. However, other time 
frames of different magnitudes are not beyond the scope of the present invention. 

The modulated RF signal between 5 and 42 MHz generated by the video 
service terminal 117 is routed to the low frequency port of an RF diplexer 507. This 

20 signal is digitized in A/D converter 509, processed in the data reducer 511 and data 
conditioner 407. While in the data reducer 511, certain algorithms are applied to 
reduce the amount of data transmitted. A number of algorithms related to 
subsampling and other techniques are known to those skilled in the art. Further 
details of the data reducer 511 will be discussed below with respect to Figure 10a. 

25 Then during an interstitial time period, a switch 513 connects the data 

conditioner 407 to the digital optical transmitter 530. During this connection, the RF 
packets are transmitted upstream with the digital optical transmitter 530. The present 
invention is not limited to a discrete switch 513 as described above. The switch 
functionality may be incorporated into the processor 550 or other appropriate 

30 hardware device in the subscriber optical interface 140. 
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At the laser transceiver node 120, both upstream data packets and RF packets 
are received in laser optical receiver 370, which receives data from a number of 
different subscriber optical interfaces 140. In the data conditioner 407 of the laser 
transceiver node 120, the RF packets are slowed to the speed at which they will 
5 ultimately be converted back to analog RF signals. The RF packets are supplied to a 
low speed data transmitter 325, which transmits the digital RF packets from all video 
service terminals 117 back to the data service hub 110, via an optical diplexer 420. 

At the data service hub 110, the RF optical packets are received and converted 
into the electrical domain by a low speed data receiver 370, and then are converted to 

10 analog RF signals in the data-to-RF converter 307, and supplied to the video services 
control receiver 309. The video service control receiver 309 demodulates the analog 
RF signals and passes them to the video service controller 115. One key feature of the 
invention is the recognition that the video service controller 115 itself will manage 
time slots for video service terminal 117, ensuring that no two RF data packets using 

15 the same video service control receiver 309, will transmit at the same time. Because 
of this characteristic, it is not necessary for the system of the present invention to 
manage time slots for the video service terminals 117. 

An alternative exemplary embodiment (not shown) that is useful in certain 
situations, is to use a separate fiber for upstream transmission, allowing the 

20 elimination of diplexers 420 in both the laser transceiver node 120 and data service 
hub 110, and reducing the losses of the downstream signals on fiber 160. 

Referring now to Figure 10a, this figure illustrates a functional block diagram 
that describes further details of a data reducer 511. The RF signals produced by each 
video service terminal may comprise signals that bear digital modulation usually but 

25 not necessarily QPSK modulation. These RF signals are supplied from the video 
service terminal 117 to RF diplexer 507, which separates the higher-frequency 
downstream RF signals from the lower-frequency upstream signals. The lower 
frequency upstream signal typically comprises a single limited-bandwidth RF signal. 
It is one object of the present discussion to capture this analog RF signal, convert it to 
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digital form and relay it back to the headend, where it is converted back to an analog 
RF signal that can be received by a video service control receiver 309. 

Data from the low port of RF diplexer 507 is supplied to an RF signal detector 
517, which determines when an analog RF signal is present. When a signal appears, 
5 RF signal detector 517 notifies a controller 519 of the presence of the signal, and 
controller 519 initiates a series of steps. Controller 519 receives time stamps from 
laser transceiver node 120. The time stamp can comprise a sequential word that is 
transmitted from laser transceiver node 120, related to a time-keeping function 
performed in laser transceiver node 120. Normally, the controller 519 discards a time 

10 stamp as soon as the next one is received. However, if RF signal detector 517 detects 
an RF signal coming from the video service terminal 117, then the time stamp that 
applies at that instant is passed on to data conditioner 407, for incorporation in the RF 
packet data output. This function will be described below. 

When an RF signal is received and detected by RF signal detector 517, then it 

15 is converted to digital form in A/D converter 509. Prior to being converted to digital 
form, it is sampled in the sample-and-hold function, switch 521 and hold capacitor 
523. This sample and hold function is well-known to those skilled in the art. Switch 
521 is closed periodically, resulting in the voltage on the low port of diplexer 507 
being transferred to capacitor 523. Then switch 521 is opened, and the voltage 

20 remains on capacitor 523 while A/D converter 509 converts the voltage to a digital 
word. The digital word typically must comprise a minimum number of bits in order 
to provide an adequate signal-to-noise ratio (S/N) for recovering the data, as is 
understood by those skilled in the art. 

For recovery of QAM, it is estimated that four bits will yield an adequate S/N. 

25 However, this assumes that the signal occupies the entire four bit range. If the signal 
is too low in amplitude it will not be transmitted at reasonable S/N, and if the signal is 
of too great an amplitude, it will clip the A/D converter 509 and will fail to supply a 
useable signal to RF video service control receiver 309. The video service terminal 
control system described in DVS 167 and DVS 178 includes the ability to smooth the 

30 video service terminal output to the required level or amplitude, but when a video 
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service terminal 117 is first added to the system, its level is not correct. Thus, the 
AID must have adequate range to digitize the signal even if it is at the incorrect 
amplitude. 

Those skilled in the art know that the minimum rate at which the signal can be 
5 sampled is twice the highest frequency of the signal being sampled. This limitation is 
known as the Nyquist sampling theorem. This is illustrated in Figure 10b that depicts 
a graph 526. The sampling frequency, f s , at which switch 521 is cycled, usually must 
be more than twice the highest frequency in the RP return signal. This highest 
frequency is represented by f H . Thus, the sampling frequency f s must be equal to or 

1 0 greater than 2 times f H . 

The data rate needed to support data transmission is given by the product of 
the sampling frequency f s , and the number of bits transmitted, n. Thus, if 8 bits are 
needed to transmit an adequate S/N (allowing for errors in signal level), and f H = 15 
MHz, the minimum data rate is 2 x 15 x 8, or 240 Mb/s. In practice, a higher data rate 

15 must be used, to compensate for limitations of real filters. Two methods are used to 
reduce the data rate that must be transmitted. First, the frequency of the signal is 
reduced, then the number of bits of data is reduced by scaling the amplitude of the 
digitized signal (data scaling). These methods will be explained below. 

After A/D converter 509, the digital signal is propagated to the data 

20 conditioner 511. The data conditioner 511 can comprise a down conversion 
processing unit 527 and a low pass filter 529. Down conversion processing unit 527 
comprises a mixing (multiplication) process that takes place in the digital domain. 
This function may also be implemented in the RF domain before switch 521, as is 
understood by those skilled in the art. In the down conversion unit 527, each sample 

25 of the digitized signal is multiplied by a number representing a sinusoidal waveform. 
The number representing a sinusoidal waveform is generated in the digital domain, f LO 
531, as illustrated in Figure 10c, and is the local oscillator signal shown in the small 
spectrum diagram near the bottom of Figure 10c. 

As is understood by those skilled in the art, when the RF return signal is mixed 

30 with f LO 531, either in the digital domain shown or in the RF domain, several 
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components are generated. These include the difference signal 533, the sum signal 
534, and a number of harmonics 536. All of these components with the exception of 
the difference 533, are removed by low pass filter 529, whose shape is shown by the 
dashed line 537. As is understood by those skilled in the art, it is sometimes possible 
5 to set f LO equal to the carrier frequency of the incoming signal (usually equal to (f H - 
fi3/2). This can result in the lowest possible data rate. 

Since the frequency of the sampled signal is now lower, being the difference 
frequency 533, the number of times the signal is sampled may be reduced without 
violating the Nyquist sampling theorem. This operation is performed in sample 

10 elimination unit 538, which removes unnecessary samples. In a simple case, this 
function may be performed by simply dropping every other sample point, or by 
dropping two of three sampling points, etc. In a more sophisticated sample reduction 
algorithm, the sampling rate may be reduced by choosing sampling times and 
interpolating between samples of the. incoming signal. This technique is understood 

15 by those skilled in the art. 

The data scaling unit 539 removes unnecessary numbers of bits from each 
sample, while maintaining the maximum scaling of the data. The technique is 
familiar to those skilled in the art, and for example has been used in the British 
NICAM (Near Instantaneous Compression and Modulation) method of transmitting 

20 digital audio information on an analog channel. 

Figure lOd illustrates one exemplary data scaling algorithm 1000 that can be 
performed by data scaling unit 539. The description of the flow charts in the this 
detailed description are represented largely in terms of processes and symbolic 
representations of operations by conventional computer components, including a 

25 processing unit (a processor), memory storage devices, connected display devices, and 
input devices. Furthermore, these processes and operations may utilize conventional 
discrete hardware components or other computer components in a heterogeneous 
distributed computing environment, including remote file servers, computer servers, 
and memory storage devices. Each of these conventional distributed computing 

30 components can be accessible by the processor via a communication network. 
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The processes and operations performed below may include the manipulation 
of signals by a processor and the maintenance of these signals within data structures 
resident in one or more memory storage devices. For the purposes of this discussion, 
a process is generally conceived to be a sequence of computer-executed steps leading 
5 to a desired result. These steps usually require physical manipulations of physical 
quantities. Usually, though not necessarily, these quantities take the form of 
electrical, magnetic, or optical signals capable of being stored, transferred, combined, 
compared, or otherwise manipulated. It is convention for those skilled in the art to 
refer to representations of these signals as bits, bytes, words, information, elements, 

10 symbols, characters, numbers, points, data, entries, objects, images, files, or the like. 
It should be kept in mind, however, that these and similar terms are associated with 
appropriate physical quantities for computer operations, and that these terms are 
merely conventional labels applied to physical quantities that exist within and during 
operation of the computer. 

15 It should also be understood that manipulations within the computer are often 

referred to in terms such as creating, adding, calculating, comparing, moving, 
receiving, determining, identifying, populating, loading, executing,' etc. that are often 
associated with manual operations performed by a human operator. The operations 
described herein can be machine operations performed in conjunction with various 

20 input provided by a human operator or user that interacts with the computer. 

In addition, it should be understood that the programs, processes, methods, etc. 
described herein are not related or limited to any particular computer or apparatus. 
Rather, various types of general purpose machines may be used with the following 
process in accordance with the teachings described herein. 

25 The present invention may comprise a computer program or hardware or a 

combination thereof which embodies the functions described herein and illustrated in 
the appended flow charts. However, it should be apparent that there could be many 
different ways of implementing the invention in computer programming or hardware 
design, and the invention should not be construed as limited to any one set of 

30 computer program instructions. Further, a skilled programmer would be able to write 
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such a computer program or identify the appropriate hardware circuits to implement 
the disclosed invention without difficulty based on the flow charts and associated 
description in the application text, for example. Therefore, disclosure of a particular 
set of program code instructions or detailed hardware devices is not considered 
5 necessary for an adequate understanding of how to make and use the invention. The 
inventive functionality of the claimed computer implemented processes will be 
explained in more detail in the following description in conjunction with the 
remaining Figures illustrating other process flows. 

Certain steps in the processes or process flow described below must naturally 

10 precede others for the present invention to function as described. However, the present 
invention is not limited to the order of the steps described if such order or sequence 
does not alter the functionality of the present invention. That is, it is recognized that 
some steps may be performed before or after other steps without departing from the 
scope and spirit of the present invention. 

1 5 Figure 1 Od uses an example of reducing an 8 bit sample down to 4 bits, though 

other reductions can be used and are not beyond the scope of the present invention. 
The algorithm starts at step 1005. A counter, called an MSB (most significant bit) 
counter is used in the routine to keep track of the number of places on the left of a data 
word have been eliminated, as will be evident from the description below. The MSB 

20 counter is initially set to a count of 0 in step 1010. 

In step 1015, a block of data, such as, but not limited to, thirty-two 8-bit bytes, 
are read and processed. Within that block of data, each sample is examined in step 
1020 to determine if the MSB is a 1 or a 0. If all samples in the block have a 0 in the 
MSB position, then the inquiry to decision step 1020 is answered "No", meaning that 

25 the MSB is not used in any data in that set of bytes. If the inquiry to decision step 
1020 is negative, then the "No" branch is followed to step 1025 in which the data may 
be shifted left. At the same time, the MSB counter referred to above is incremented 
by 1, to keep track of how many times the block has been shifted. Operation then 
returns to decision step 1020, which again decides whether the MSB is used. If not, 
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then the process repeats through step 1020, until the MSB is used. Note that this 
process applies to all the data words in the block of data being processed. 

When the MSB is used, then the inquiry to decision step 1020 is positive and 
the "Yes" branch is followed to step 1030 in which the least significant four bits of the 
5 word are dropped. Thus, the routine 1000 has caused the retention of the four most 
significant bits that have data, in the block of data. These bits are transmitted in step 
1035 along with the state of the MSB counter, which is used to reconstruct the 
waveform at the data service hub 110. 

Referring now to Figure 11a, this figure illustrates a functional block diagram 

10 that describes further details of a data-to-RF converter 307. The time stamp that is 
added by the data conditioner 407 in the subscriber optical interface 140 controls 
initiation of the analog RF signal recovery process discussed below. That time stamp 
is either operative in the data-to-RF converter 307 of the data service hub 110, or in 
the data conditioner 407 of the laser transceiver node 120. Either place is satisfactory. 

15 When the RF packets are returned to the data-to-RF converter 307 at the data 

service hub 110, they usually must be restored to their original form. In the scaling 
restoration unit 317, the data scaling of the RF analog signals represented in the RF 
packet is restored, reversing the actions performed by the data scaling unit 539 of the 
data reducer 511. 

20 Figure lib illustrates the scaling restoration process. Certain steps in the 

process described below must naturally precede others for the present invention to 
function as described. However, the present invention is not limited to the order of 
the steps described if such order or sequence does not alter the functionality of the 
present invention. That is, it is recognized that some steps may be performed before 

25 or after other steps without departing from the scope and spirit of the present 
invention. 

The restoration process starts at step 1105. The value of the MSB counter is 
read in step 1110, then data is read in 1115. For each data word, the data is shifted 
right by the MSB counter value in step 1120, with leading zeros being added to the 
30 left of the transmitted bits. Thus, the value that was originally developed in the 
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sample elimination unit 538, is restored. Of course, if fewer than the four most 
significant bits in the original word have been dropped, then some least significant 
bits are converted to zero by the process, but they represent only small errors in the 
recovered signal, and are tolerable. 
5 In decision step 1125, it is determined whether all of the data the current 

transmission or block has been read. If the inquiry to decision step 1125 is negative, 
then the "No" branch is followed back to step 1115. If the inquiry to decision step 
1125 is positive, then the "Yes" branch is followed to step 1130 where the data 
scaling restoration process ends. 

10 Referring back to Figure 11a, in the sampling restoration unit 319, the 

sampling is restored to the original sampling rate by adding samples between the 
transmitted samples. Interpolating between transmitted samples is understood by 
those skilled in the art. The frequency of the signal is up-converted to the original 
frequency in the frequency up converter 321, by mixing it with a local oscillator 

15 signal as shown above. Next the signal is filtered by bandpass filter 323. The signal 
is then converted to analog form in D/A converter 324. Thus, at the output of D/A 
converter 324 is the data from the Low port of the RF diplexer SOT of the subscriber 
optical interface 140, which was supplied to the input of the sample and hold circuit 
521 and 523 of Figure 10a. 

20 Referring now to Figures 12 and 13, these figures illustrate the computation of 

the burst process for upstream RF packets of an exemplary embodiment. In this 
exemplary embodiment, each video service terminal 117 is bursting data in packets 
that are 333 microseconds long. The occupied bandwidth is an exemplary 3.2 MHz, 
based on the worst-case DOCSIS return bandwidth. However, other bandwidths may 

25 be used in the calculation without departing from the spirit and scope of the present 
invention. 

It is recommend that sampling occurs at twice this rate, or 6.4 Ms/s (mega, or 
million, samples per second). Sampling at a greater amount, such as at 8 Ms/s, may 
provide some safety margin and to. make frequency selection somewhat easier. If 
30 sampling occurs at four bits per sample (16 levels - adequate for QPSK and possibly 
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for 16 QAM modulation with careful level control), this yields a data rate of 32 Mb/s 
as shown. Some overhead may be needed, so the data rate can be rounded up to 40 
Mb/s as the required data rate. 

A typical burst length is 333 microseconds from the DVS 167 specification 
5 referenced above. In an exemplary embodiment, the data transmission on an optical 
waveguide is 500 Mb/s, so if a 40 Mb/s signal transmission speed is increased to a 
transmission speed of 500 Mb/s, it will require 

i°- = 8% 
500 

of the available bandwidth. Therefore, a 333 microseconds burst will require a 
10 transmission time of 

40 

333 = 26.64 us. 

500 

Because of the detailed requirements of the data transmission method used, 
this RF packet usually must be returned to the data service hub 110 and converted 
back to analog RF with a delay not to exceed just over 2 milliseconds (ms), and with 
15 very low jitter. However, other magnitudes of delay, smaller or larger, are not beyond 

* 

the scope of the present invention. 

If the bursts were simply packetized and sent back to the data service hub 110, 
there would be many milliseconds of jitter introduced by the packetized Ethernet 
transmission system. Thus, the invention teaches a method of getting the bursts of 

20 data back to the data service hub 110 outside of the normal method of handling 
packets, but without unduly burdening the cost of the equipment. The shaded box 
1300 in Figure 13 represents an interstitial burst comprising the RF packet data. 

Referring now to Figure 14, this figure is a diagram that illustrates a timing 
scheme 1400 of the return RF analog signals and the rules for handling the RF packets 

25 produced from the RF analog signals. Row 1 of Figure 14 illustrates the video service 
controller system time marks 1405 generated by the video services controller 115. 
These marks 1405 are spaced by the width 1410 of a video service terminal time slot, 
tvsT* The time marks 1405 indicate time as perceived at the data service hub 110. 
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Time may be perceived as occurring later at all subscriber optical interfaces 140, due 
to propagation delay. The video services controller 115 will cause the transmission 
time of each video service terminal 117, located at each subscriber optical interface 
140, to be advanced as much as is necessary to make the response arrive at the video 
5 service controller 115 at the correct time. The time marks 1405 of row 1 indicate the 
boundaries at which the video service terminal upstream transmissions are expected to 
be received by the video service controller 115. 

In one exemplary embodiment, the time scale is such that there are seven units 
of time in a width of t VST 1410. Thus, a time offset of one unit will cause the packet 
10 time to be displaced by one-seventh of the distance between two time marks in row 1 
or 

333 An „ 
= 47.57 us. 

7 

Row 2 of Figure 14 illustrates the transmission of RF packets at the subscriber 
optical interface 140. The data reducer 511 applies a data compression technique to 

15 the digitized RF packets in order to conserve return bandwidth. These RF packets are 
digitized by the A/D converter 509 of Figure 8. The larger rectangles 1415 represent 
the time available for a video service terminal 117 to transmit. The smaller, clear, 
rectangles 1420 within the larger rectangles represent the time the video service 
terminal 117 actually transmits the RF packets. The transmission time may be shorter 

20 or longer than a video service terminal time slot width or t vsx 1410. The letters above 
row 2 refer to the each of a plurality of subscriber optical interfaces 140 which can be 
treated as a group by the video service controller 115. These letters will be used in an 
example below. 

Examining row 2 of Figure 14, one recognizes that a video service terminal 
25 117 associated with subscriber optical interface F does not transmit any RF packets. 
This is the rule rather than the exception: most of the time, it is assumed that each 
video service terminal 117 will not send data in a particular time slot. The problem 
with this rule is that the RF return system of the present invention does not know 
when a video service terminal 117 will want a particular time slot to transmit its RF 
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packets. As noted above, the RF return system of the present invention and the legacy 
video services system operate independently of each other. That is, each terminal 
time slot or t VST 1410 is assigned and managed by the video service system controller 
115 independently of the RF return system of the present invention which is 
5 responsible for carrying the return RF packets back to the data service hub 110. 

The video service controller 115 does not permanently assign any time slot 
1410. Each time a video service terminal 117 needs to transmit RF packets, it must 
compete for a time slot 1410, and when it is assigned one, it transmits its RF packets 
and then releases the time slot 1410. Thus, the example illustrated in Figure 14 
10 applies only to one instance of time. In another instances, other video service 
terminals 117 will be transmitting in the time slots shown. 

Row 3 of Figure 14 illustrates the interstitials 1300 that comprise the RF 
packets as they are transmitted out in interstitial bursts between non-video service 
terminal or regular data packets 1425. Row 3 is combined data as perceived by the 
15 optical tap routing device 435 or an adder 313 of an optical tap routing device 120. 
The non-video service terminal or regular data packets 1425 are generated by 
processor 550, in response to equipment serviced by the processor 550 such as 
computers, telephones, and other like data producing equipment as illustrated in 
Figure 8. Regular data packets 1425 other than video service terminal data ("non- 
20 video service terminal data") is transmitted during most of the time, indicated by the 
hatched area in row 3. 

RF packets within the interstitials 1300 are transmitted during interstitial times 
between the other data packets 1425. The timing of transmission for the interstitials 
1300 is determined by the present invention rather than by the legacy video service 
25 controller 115. The interstitials 1300 of Row 3 also represent the instance of time 
each switch 513 of respective subscriber optical interfaces 140 as illustrated in Figure 
8 is connecting a respective data conditioner 407 to respective digital optical 
transmitter 530. The length of time between transmission of interstitials 1300 is 
referred to as an interstitial interval or t^^ 1430. In order to correctly transmit RF 
30 packets to the video service controller 115, it is necessary for each interstitial interval, 
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tmsTL 1430 to be less than a terminal time slot, t VST 1410. If an interstitial interval, 
tiNSTL 1430 is substantially equal to or greater than a terminal time slot, t VST 1410, then 
it is possible that there will be two different video service terminals 117 trying to 
transmit during adjacent terminal time slots or t VST 1410 and in the process of relaying 
5 the RF packets back to the video service controller 115, there can be a data collision. 

A rule that can be applied at the subscriber optical interface 140 is that the 
interstitials 1300 are burst or transmitted at regular intervals having a magnitude of 
Wtl 1430. This means that all subscriber optical interfaces 140 that are normally 
timed together by a common port on the laser transceiver node 120 have the same 

10 interstitial burst time. This means, as mentioned above, that each switch 513 of a 
group of respective subscriber optical interfaces 140 connects a respective data 
conditioner 407 to a respective digital optical transmitter 530 at the same time. 
Though usually, it is assumed that nothing will be transmitted from any one 
subscriber optical interface 140 when the switches 513 connect to each data 

15 conditioner 407. In other words, most of the time, video service terminals 117 do not 
transmit any data. 

When a video service terminal 117 does have something to transmit, it will 
send the analog RF signal to the subscriber optical interface, where the analog RF 
signal is digitized in A/D converter 509. The digitized RF packet may last up to the 

20 maximum time interval t VST 1410, but may last a shorter time if less information is to 
be transmitted. The actual time the packet lasts is the "actual time used" 1420 as 
illustrated in row 2 of Figure 14. A video service terminal 117 may transmit for 
longer than t vsx 1410, in which case two or more adjacent time terminal slots 1410 are 
used by the same video service terminal 117. In order for a video service terminal 117 

25 to transmit during two consecutive video service terminal time slots 1410, it must 
request permission from the video service controller 115. 

When the A/D converter 509 first detects the arrival of RF analog signals, it 
can time stamp the data based on time stamp signals received from the laser 
transceiver node 120. The time stamp is generated in laser transceiver node 120 and 

30 transmitted to the subscriber optical interface 120, where it is added to the digitized 
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RF signal by way of controller 519 and data conditioner 407 (see Fig. 10a), which 
adds the time stamp to the data stream. This time stamp becomes the basis of 
recovering accurate timing at the data service hub 110. RF packets will be transmitted 
in the first interstitial burst time after a delay of t VST 1410 from the start of the 
5 incoming data. The arrows connecting rows 2 and 3 of Figure 14 demonstrate when 
each interstitial 1300 comprising the RF packets could be transmitted. 

The interstitials 1300 are sent to the laser transceiver node 120, as shown in 
row 4 in Figure 14. The RF packets in a respective interstitial 1300 are routed via the 
optical tap routing device 435 to the data conditioner 407 in Figure 5. As noted 

10 previously, the data conditioner 407 may comprise a FIFO which is a special purpose 
circuit known to those skilled in the art. The data conditioner 407 in the laser 
transceiver node 120 takes in the interstitial 1300 at its burst rate, and then puts out 
the RF data packets ("plays the RF data packets out") at the slower clock frequency 
that corresponds to the rate in which the packets pass through the A/D converter 509 

15 and data reducer 511 (that is, the same rate as in row 2 of Figure 14). The data 
conditioner 407 of the laser transceiver node 120 can be used to slow down the 
interstitial 1300 from the burst rate at which it was sent (500 Mb/s in one exemplary 
embodiment) to the rate at which the data was accumulated (40 Mb/s in one 
exemplary embodiment). 

20 The data conditioner 407 of the laser transceiver node can begin playing out 

the RF packets, as illustrated in Row 5 of Figure 14, as soon as the data conditioner 
407 begins receiving the data, because it is assured of receiving data in at a fast 
enough rate that it will not run out of data before it completes the sending of the RF 
packets. The reason for slowing the data rate down at the laser transceiver node 120 is 

25 to reduce the power required of the optical link between the laser transceiver node 120 
and the data service hub 110. Row 6 of Figure 14 illustrates grouping reconstructed 
RF packets at the adder 313 of Figure 7. 

After passing through the adder 313, the RF packets can be transmitted at 1310 
tittv using the same optical fiber 160 that is used to deliver the downstream video and 

30 the downstream video service control signals. The RF packets will arrive at the data 
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service hub 110 as illustrated in Figure 3, on low speed optical receiver 370. From 
here the RF packets are supplied to the delay generator 305. The delay generator may 
also comprise a FIFO. Delay generator 305 may accept each RF packet in at the rate 
that is needed in the data-to-RF converter 307, but the signal is usually further delayed 
5 in the delay generator 305 in order to be timed correctly. The delay is calculated from 
the time stamp added at the subscriber optical interface 140, described above. 

At a minimum, in one exemplary embodiment, the delay must be substantially 
equal to an interstitial interval or t^^ 1430 to prevent one RF packet from getting 
ahead when there is RF packet just prior to it. More delay usually must be added 

10 according to how much propagation delay is experienced across the optical network. 
In one exemplary embodiment, data being sent from laser transceiver node 120 to data 
service hub 110 is sped up slightly to prevent overlap of adjacent data packets coming 
form two different laser transceiver nodes 120. 

Referring now to Figure 15, this figure illustrates exemplary timing delays 

15 between respective subscriber optical interfaces 140. As noted above, the legacy 
video service system will respond in the same manner as if the RF return system of 
the present invention were not present. In the example illustrated in Figure 16 
(discussed below), it is assumed that the video service terminals 117 (not shown) have 
not received their proper timing offset to account for their distance from the data 

20 service hub 110. That is, each video service terminal 117 (not shown) connected to a 
respective subscriber optical interface 140 is not marshaled. Normally as each video 
service terminal 117 is added to the system, it is automatically discovered by the 
video service controller 115, and marshaled at that time. Thus, in a real world 
example, there would not be a number of video service terminals 117 that were out of 

25 time simultaneously, but Figure 15 demonstrates this unlikely scenario for the sake of 
illustration. 

Normally, as explained in conventional standards DVS 167 and DVS 178 that 
govern the legacy video services system, a wide or longer time slot is provided 
periodically to allow the discovery and marshaling of a new video service terminal 
30 117, without risking the terminal 117 transmitting simultaneously with a previously 
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marshaled video service terminal 117. In Figure 15, two laser transceiver nodes 120A 
and 120B service a number of attached subscriber optical interfaces 140. The two 
laser transceiver nodes 120 A and 120B are positioned at different distances from the 
data service hub 110, resulting in differing propagation delays between the data 
5 service hub 110 and the two laser transceiver nodes 120A and 120B. There are also 
differing propagation delays between the two laser transceiver nodes 120A and 120B 
and their appended subscriber optical interfaces 140, due to different lengths of optical 
waveguides connecting each subscriber optical interface 140 to its respective laser 
transceiver node 120. 

10 In the example in Figure 15, arbitrary time units have been used that are 

related to the graphical construct used for illustration. This does not reduce the 
generality of the technique to accommodate different real propagation delays. 

All of the subscriber optical interfaces 140 illustrated in Figure 15 are 
connected back to one video service control receiver 309 as illustrated in Figure 4. 

15 Thus, the subscriber optical interfaces 140 are timed such that their signals will be 
received at the video service control receiver 309 (located in data service hub 110) at a 
scheduled time, to allow the video service control receiver 309 to marshal them just as 
if they were connected via a conventional HFC network rather than a optical network 
of the present invention. 

20 Figure 15 corresponds with two timing diagrams that are illustrated in Figures 

16 and 17. Figure 16 assumes that the video service terminals 117 have not been 
timed properly with the data service hub 110. The timing diagram of Figure 16 will 
usually occur when the video service terminals 117 are first installed. When video 
service terminals 117 respond to the video service control receiver 309, the receiver 

25 309 will measure response time error and will instruct the video service terminal 117 
to advance its timing sufficiently to make the response be received at the video service 
control receiver 309 at the proper time. Figure 17 illustrates the situation in which all 
the video service terminals 117 have been recognized or have been registered with the 
receiver 309. 
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Referring back to Figure 15, the numbers adjacent to each optical waveguide 
path indicate exemplary one-way time delays between the two ends of the path. These 
exemplary time delays are well understood by those skilled in the art, and relates to 
the propagation delay through optical waveguides. The first laser transceiver node 
5 120A is located closer to the data service hub 110 relative to the second laser 
transceiver node 120B, so there is no significant propagation delay between the laser 
transceiver node 120A and data service hub 110. The second laser transceiver node 
120B is located further from the data service hub 110, so there are an exemplary two 
units of delay in the one-way optical waveguide path. Similarly, there is an 
10 exemplary 0.5 unit of delay between the first laser transceiver node 120A and 
subscriber optical interface 140,, and two units of delay between the second laser 
transceiver node 120B and subscriber optical interface 140 4 ! Other delays are as 
shown in the Figure 15. 

Referring now to Figure 16, this figure illustrates the situation that exists when 
15 none of the video service terminals 117 are marshaled. That is, each video service 
terminal 117 does not know how much in advance of the start of a terminal time slot 
1410 it is to transmit RF packets to make up for any propagation delay. Because the 
video service terminals 117 in this example do not have this advance information, 
they will typically transmit as soon as their assigned time slot occurs. This will often 
20 result in the RF packets arriving back at the video service controller 115 too late. 

The video service controller 115 will typically measure the amount of lateness 
or delay and send a signal to the video service terminal 117 informing it how much in 
advance of a data slot it should transmit RF packets. In actual implementation, 
usually only one video service terminal 117 at a time will be marshaled. As a result of 
25 the illustration of a plurality of unmarshaled video service terminals 117 depicted in 
Figure 16, there are data collisions at the data service hub, which will usually not exist 
in any actual implementation. 

Figure 16 illustrates how the video service terminal RF data packets will 
usually travel to the data service hub 110, using the optical architecture and its 
30 associated timing delays depicted in Figure 15. Two packets in Figure 16 will be 
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described in detail below. The first packet will be packet A(l) that travels from 
subscriber optical interface 140,, through laser transceiver node 120 A, to data service 
hub 110 and finally to the video service control receiver 309. For packet A(l), the 
"(1)" indicates that it originated in the video service terminal 117 (not shown) 
5 connected to subscriber optical interface 140,. The "A" indicates that the subscriber 
optical interface 140, is connected to laser transceiver node 120A. The second packet 
that will be described is packet B(4) that passes through laser transceiver node 120B. 

The video service controller 115 sends out the timing pulses 1405 as shown in 
row 1 of Figures 16. Row 2 demonstrates the time at which A/D converter 509 and 

10 associated circuitry sends an RF packet to processor 550. The timing 1420 of the RF 
packets are shown in two sub rows of row 2 because the times will overlap 

In the example described in Figure 15, laser transceiver node 120A is located 
so close to the data service hub 110 that there is no significant propagation delay 
between the two devices. Subscriber optical interface 140, is located 0.5 time units of 

15 propagation delay from laser transceiver node 120A. Recall that the video service 
control time marks 1405 in row 1 (of Figure 16) are times as viewed from the data 
service hub 110. The video service terminal 117 (not shown) at subscriber optical 
interface 140, transmits 0.5 time unit later than the first timing mark 1405(1) as a 
result of the 0.5 delay, as shown by the slanted dashed line 1605 between the first 

20 timing mark 1405(1) in row 1 and the video service terminal packet start time in row 
2. 

Row 3a contains two sub rows 3al and 3a2. Subrow 3al depicts the timing of 
interstitials 1300 of RF packet data (separated by t^^ 1430) and non-video service 
terminal packet data 1425 bound for laser transceiver node 120A. Subrow 3a2 depicts 
25 the actual interstitial burst from each subscriber optical interface 140 without 
illustrating any of the regular, non-video service terminal packet data. The RF 
packets of row 2 are transmitted according to the rule in mentioned in Figure 14: 
during the first interstitial 1300 occurring at least the video service terminal 
transmission time increment after the start of the video service terminal transmission. 
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The delay from when the beginning of the RF packet A(l) arrives at the subscriber 
optical interface 140, and when it leaves, is denoted by slanted dashed line 1610. 

A delay does not exist between the time when the interstitial interval begins 
and the RF packet A(l) leaves the subscriber optical interface 140 x , as shown by 
5 vertical line 1615. Since there is 0.5 unit of propagation delay from subscriber optical 
interface 140, and laser transceiver node 120 A (as illustrated in Figure 15), the time 
the RF packet A(l) arrives at the laser transceiver node 120A is delayed by 0.5 unit, 
as shown by dashed line 1620, which is slightly slanted. 

In row 5a, as soon as the RF packet A(l) arrives at the laser transceiver node 

10 120 A, it is slowed by data conditioner 407, and starts being played out at the same 
data rate as in row 2. When RF packet A(2) arrives, its playout must be delayed 
because RF packet A(l) has not finished playout at that time. Usually this does not 
cause a problem, since RF packet A(2) simply "gets in line" in the data conditioner 
407 behind RF packet A(l) and begins playing out RF packet A(2) when the playing 

15 out of RF packet A(l) is completed. 

RF packet A(l) arrives at the data service hub 110 (row 6a) without delay, by 
virtue of little separation between data service hub 110 and laser transceiver node 
120A. This is shown with vertical line 1625. At the data service hub, the delay 
generator 305 reads the timestamp that was attached to the RF packet at the subscriber 

20 optical interface 140, and delays the data for the total time programmed, which 
depends on the total propagation delay 1630 from the furthest subscriber optical 
interface to the data service hub. The total propagation delay parameter delta 1 1630 is 
supplied at system set-up. Delta 1 1630 is illustrated at the bottom of Figure 16. The 
point from which delta t 1630 is measured is shown at packet A(ll) in row 2 of 

25 Figure 16, as an example. 

The tracking of packet B(4) will now be described. Packet B(4) is tracked as it 
moves from subscriber optical interface 140 4 to the data service hub 110. Propagation 
delay to subscriber optical interface 140 4 is a total of four units (see Figure 15). Two 
units of one-way delay exist between the data service hub 110 and the laser 

30 transceiver node 120B. Another two units of delay exist between the laser transceiver 
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node 120B and subscriber optical interface 140 4 . Because of this delay, the time that 
the RF packet B(4) of Figure 16 is transmitted is delayed by four units as shown by 
diagonal line 1635. Row 3bl shows RF packet timing for the subscriber optical 
interfaces attached to laser transceiver node 120B. RF packet B(4) usually must wait 
5 for the interstitial burst time shown, so it is transmitted with a delay represented by 
slanted line 1640. 

There is another delay of two units from subscriber optical interface 140 4 to 
laser transceiver node 120B, represented by slanted dashed line 1645. At row 4b in 
Figure 16, the burst RF packet B(4) arrives at the laser transceiver node 120 B , where it 

10 immediately begins getting played out at the speed of row 2. This RF packet B(4) is 
transmitted back to the data service hub 110, but encounters a propagation delay of 
two units along the way, so it arrives at the data service hub 110 delayed by 2, as 
shown by slanted dashed line 1650. Finally, RF packet B(4) is delayed by a total of 
delta 1 1630 as measured from the beginning of the packet start in row 2, which is the 

1 5 time that was time-stamped at the subscriber optical interface. 

Row 8 of Figure 16 indicates the amounts by which the video service 
controller 115 must tell each video service terminal 117 to advance its transmission in 
order to get its RF packet data back to the data service hub 110 at the correct time - 
the nearest video controller system time mark of row 1. This correction time is unique 

20 for every video service terminal, and may be measured from the time mark at which 
the data are expected to the time the data arrives, and is shown for packet A(2) below 
row 8 packet A(2) at 1655. This time is usually transmitted to the video service 
terminal 117, which then advances its transmission time by that amount. 

A number of collisions are shown in row 7 of Figure 16 represented by RF 

25 packets that overlap each other in time. The RF packets are separated vertically 
simply to allow the reader to see them individually. The collisions can be resolved by 
marshaling the video service terminals 117. Marshaling can be defined as the 
transmission of the timing corrections of row 8 to the video service terminals 117. 

Figure 17 illustrates how the video service terminal RF data packets will 

30 usually travel to the data service hub 110, using the optical architecture and its 
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associated timing delays depicted in Figure 15. However, unlike Figure 16, Figure 17 
illustrates video service terminals 117 that have been marshaled by the video service 
controller 115 to compensate for the timing delays depicted in Figure 15. Only the 
differences between Figures 16 and 17 will be described below. 
5 Compared to Figure 16, the subscriber optical interface timing in rows 3al and 

3bl of Figure 17 have been changed. Since the legacy video service system and the 
present invention have completely independent timing domains, the timing between 
the two different systems will typically slip. The timing of Figure 17 may be 
followed as in Figure 16, with the same lines marked to show timing relationships. 
10 The difference in Figure 17 is that when the RF packets reach the data service hub 110 
they are in the proper timing relationship as illustrated in row 7 of Figure 17. 

The minimum delay time delta 1 1630 that the system should introduce can be 
calculated by the following equation: 

At = tvST + tINSTL + tprop + h'esiduah where 

15 

At = delay time from when an interstitial burst is first seen at subscriber 
optical interface 140 to when it is presented to the video service 
controller 115 at the data service hub 110. 

20 *VST = minimum time between which two different video service 

terminals 117 can transmit upstream RF packet data (see Figure 14). 

t IN STL = interstitial time in the RF return system (see Figure 14). 

25 tprop = difference in one-way propagation time in longest and shortest 

total length of an optical waveguide to be used. 

t res idual = residual delays in A/D 509, D/A 524, data conditioners 
407, and other circuitry in the RF return path. 
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Failure to introduce delta 1 1630 will usually require some packets to be played 
out at the data service hub 110 before they are available. In the example above, t VST = 
7, Wl = 5, t PROP = 4, and = 0. In this case delta t 1630 will typically equal 

5 sixteen at a minimum. The value of delta t 1630 used in the graphical solutions of 
Figures 16 and 17 was seventeen, one more time unit than is necessary. In Figure 17, 
rows 6(B) and 7, RF packet B(7) usually must play out only one unit after the leading 
portion of it becomes available. This one unit is the additional delta t 1630 over and 
above the minimum. Had delta 1 1630 been less than sixteen, then the RF packet B(7) 

10 would be demanded before it was available. 

Delta 1 1630 may be understood as follows. The delay of t VST comes from the 
requirement to delay the data transmission from the subscriber optical interface 140 
until after a complete RF packet of data is available. This is necessary to ensure that a 
complete RF packet is available when the system is ready to transmit it, and to ensure 

15 that two packets from different video service terminals 117 don't collide. The t^^ 
delay 1430 is added because once the RF packet (row 2) is ready, it may have to wait 
- this long before an interstitial interval comes along. A delay of t PROP is needed to 
allow the signal to propagate from the subscriber optical interface. 140 to the data 
service hub 110. The t^n^L time accounts for any unavoidable processing delay in 

20 digitizing and data reducing the RF signal or changing it back to the original analog 
RF form, plus residual delay in the two data conditioners 407 in the signal chain (in 
the subscriber optical interface 140 and laser transceiver node 120), plus any other 
small delays. 

In addition, note that the video service controller 115 will usually be required 
25 to allow for an extra integer number of delay increments of t VST 1410 as a result of the 
introduction of the RF return system of the present invention. The number of t vsx 
1410 increments required can be calculated as follows: 



INT 



'to} 
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INT indicates that the integer portion of the argument is to be taken. In the example 
case above, delta t = 17 and t VST = 7. Therefore the number of increments of t VST that 
the video service controller 115 must usually allow for is equal to two, consistent with 
the way Figures 16 and 17 are depicted. 
5 The aforementioned exemplary embodiments are typically used in the majority 

of cases in which the service provider of an optical architecture wants to provide 
video services and data services. However, in some cases, some or all of the 
subscribers may only want to subscribe to video services. Where only video services 
are desired by subscribers, there are lower cost methods to provide support for a RF 

10 return channel that does not include all of the data circuitry required to support data 
services. In these cases, it is also possible that the service provider may want to 
support a return channel for modem data as well as video service terminal data. These 
additional requirements may be accommodated by the various alternative 
embodiments as discussed below. 

15 Referring now to Figure 18, this figure illustrates the situation where a 

subscriber is not using any data services, but data services are being supplied to other 
subscribers. The approach taken in this case is to modulate the return RF signal from 
the video service terminal 117 onto an inexpensive Amplitude Modulated (AM - 
analog) optical transmitter 530 f used to transport only the video service terminal 

20 return signal. Because it transports only one signal at a time, and because that signal 
contains only simple forms of digital modulation, the quality of the AM optical 
transmitter 530 ? can be low. Also, much of the RF return processing circuitry can be 
placed in the laser transceiver node 120 to service multiple subscriber optical 
interfaces 140. 

25 The wavelength emitted by AM optical transmitter 530' usually must not be in 

the 1310 nm region because other users may be using data transported at this 
wavelength as shown in the first sections of this disclosure. Suitable wavelengths for 
lambda 7^ include 1490 nm ±10 nm, which is being used for some specialized 
applications, other wavelengths in the vicinity of 1550 nm not being used by the 

30 analog optical transmission path, and 1625 nm which is sometimes used for internal 
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communications within optical networks. However, the present invention is not 
limited to these wavelength regions and can include regions higher or lower than 
described with out departing from the scope and spirit of the present invention. As 
VCSEL (vertical cavity surface emitting laser) devices come into common use, it is 
5 expected that they will make particularly advantageous transmitters for this 
application, although other technologies may be used. 

It is important to turn off transmitter 530' when data is not being transmitted, 
because other subscriber optical interfaces may be transmitting when this one is not. 
RF presence detector line 372 detects the existence of RF data and turns on transmitter 
10 530\ 

The return RF optical signal is diplexed onto fiber 150 and transported to the 
laser transceiver node 120 as shown previously. As discussed above, optical 
waveguide 150 serves a plurality of subscribers, all of whose signals will be combined 
before arriving at triplexer 420\. At laser transceiver node 120, the signal at 
15 wavelength 9^ (lambda 3) is separated in triplexer 420 1 ,. This device works the same 
as the previously-introduced diplexer 420',, except that a third output has been added, 
at -a wavelength of lambda A^. Such triplexers 420' are known to those skilled in the 
art. 

As shown in Figures 6 and 7 above, a plurality of input/output ports 445 exist 
20 at the laser transceiver node 120, and each may have need of the instant teaching. 
Thus, the lambda outputs of all triplexers 420' , are combined in optical combiner 
320. 

From optical combiner 320, the optical signal is supplied to AM optical 
receiver 370 ? , which converts the optical signal(s) from the subscriber optical 
25 interface(s) 140 back to electrical form. At this point, the signal is the same as that 
applied to the input of A/D converter 509 in Figure 8, though there may be a plurality 
of signals if more than one subscriber is using this return method. RF return signals 
will usually not overlap in time, because the video service controller 115 manages the 
video service terminals 117 to prevent an overlap. 



BNSDOCID: <WO 0300561 2A1_I_> 



WO 03/005612 PCT/US02/03056 

60 

The function of A/D converter 509, data reducer 511, and data conditioner 407 
is identical to that of the corresponding parts in Figure 8 and other figures, with the 
exception that the RF signal does not need to be sped up into an interstitial burst as 
was required previously for transmission to the laser transceiver node 120. The 
5 purpose of the aforementioned interstitial burst where the data conditioner 407 in the 
subscriber optical interface 120 increased the transmission rate of the return RF packet 
was to transmit the RF packet to the laser transceiver node 120 without interfering 
with other regular data packets, by condensing its time and bursting it out between 
other regular non-video service data packets. Developing the interstitial burst is not 

10 necessary in Figure 18 for the RF data being digitized in the laser transceiver node 
120 because by the time the signal has reached the laser transceiver node 120, the RF 
data packets are separated from the other data packets anyway. No interstitial 
transmission is needed in this exemplary embodiment. However, data conditioner 407 
for the RF data being emitted from subscribers who also produce regular data packets 

15 operates identically as in Figure 6, meaning that the data conditioner 407 for these 
subscribers who have data services does slow down the RF packets at this stage. 

The optical signal present line 372 is used to suppress A/D conversion when 
no signals are present. That is, it can preclude noise from causing spurious counts 
from the A/D converter 509. The data conditioner 407 operating on data coming 

20 through AM optical receiver 370' (unlike the data conditioner 407 above it) doesn't 
need to take in data at the interstitial burst rate and slow it down, but it does need to 
delay the data as shown between rows 2 and 5 of Figures 16 and 17. Finally adder 
313 is used to combine the signals from the two data conditioners 407. The combined 
RF signal is transmitted upstream using transmitter 325. Since other signals can be 

25 combined with this one upstream signal, it may be more energy efficient to turn on the 
transmitter 325 only when there is something to transmit. This may be accomplished 
with the two data conditioners 407 being coupled to an OR gate 421 where the 
resulting signals are used to turn on transmitter 325. 

Operation of the data service hub 110 (not shown) that is connected to this 

30 laser transceiver node 120 in Figure 18 is identical to that illustrated in Figure 3. The 
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RF packets arriving back at the data service hub 110 (not shown) are identical with 
those described with respect to Figure 3. 

Referring now to Figure 19, this figure illustrates the situation where data 
services are not provided to any subscriber. Because of the similarities between 
5 Figure IS and 19, only the differences between these two figures will be described. 

As it is apparent from Figure 19, the equipment at the laser transceiver node 
120 associated with other upstream data delivery has been eliminated. Also, the 
wavelength of AM optical transmitter 530 has been changed back to 1310 nm. The 
operation could take place on the aforementioned lambda ^ wavelength, but using 
10 1310 nm will likely result in cost savings. However, other wavelengths or wavelength 
regions could be used without departing from the scope and spirit of the present 
invention. Triplexer 420^ of Figure 18 has now been replaced with a diplexer in 
Figure 19. 

The activation of the optical transmitters 530 f and 325 is accomplished in a 
15 similar manner as described in Figure 18. The RF packets arriving back at the data 
service hub 110 (not shown) is identical with that of the Figure 3 system. 
^. Referring now to Figure 20, this figure illustrates the situation where data 

services are not provided to any subscriber and RF packets are not used. Rather, the ^ 
signals stay in RF-modulated form and are not converted to digital packets. But 
20 because there are still similarities between Figures 19 and 20, only the differences 
between these two figures will be described. 

Figure 20 illustrates an exemplary embodiment that is well suited for short 
distances. In this exemplary embodiment, costs can be lowered if RF data is returned 
all the way to the data service hub 110 as RF signals modulated onto analog lasers. 
25 Since only one signal is usually present at a time by virtue of the way the legacy video 
service system works, the quality of the transmitters can be low. 

The subscriber optical interface 140 of Figure 20 is identical with Figure 19, 
but the laser transceiver node 120 is different. In this case all return RF optical 
signals from all subscriber optical interfaces 140, coming from different input/output 
30 ports 445 are combined in an optical combiner 320. Since the RF optical signals are 
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typically transmitted at a wavelength of 1310 nm, they cannot be economically 
amplified, so they are converted to electrical form in AM optical receiver 370, then 
reconverted to optical form in AM transmitter 325. The optical signal present line 
372 is used to turn on AM transmitter 325, so that optical noise received when signals 
5 are not present, will not propagate upstream from the laser transceiver node 120. 

As solid state amplifiers operative at 1310 nm become widely available and 
operate in the requisite temperature environment, a solid state amplifier 333 can 
replace AM optical receiver 370 and AM transmitter 325. 

In Figures 18, 19, and 20, the single AM optical receiver 370 may be replaced 

10 my a plurality of AM optical receivers 370, each just after its respective diplexer 420^ 
And optical combiner 320 can be replaced with an RF combiner. This would 
accommodate lower loss budgets because the optical signal would not suffer the loss 
of optical combiner 320. On the other hand, it would drastically increase the number 
of AM optical receivers 370 required. 

15 As noted above, the exemplary embodiments described in Figures 1-9 can be 

used to address all the needs of subscribers in which the data service provider of a 
FTTH or similar system wants to provide for subscriber video service and data 
service. However, as mentioned in connection with Figures 18-20, in some cases 
subscribers will only want video service. Where only video service is wanted, there 

20 are lower cost ways to provide support for a return RF channel, rather than to include 
all the data circuitry required to support both data packets and RF packets. In these 
scenarios where only video services are desired, it is also possible that the data service 
provider will want to support a return channel for modem data as well as video service 
terminal data. These additional requirements may be accommodated by the various 

25 alternative embodiments illustrated in Figures 18, 19, and 20. 

Figure 21 illustrates a method 2100 to determine which RF return method of 
the methods previously described to use in a particular situation. Certain steps in the 
process described below must naturally precede others for the present invention to 
function as described. However, the present invention is not limited to the order of 

30 the steps describe ; if such order or sequence does not alter the functionality of the 
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present invention. That is, it is recognized that some steps may be performed before 
or after other steps without departing from the scope and spirit of the present 
invention. 

The method 2100 starts with step 2105 when a subscriber needs RF return 
5 support for either a video service terminal 117 and/or a cable modem (not shown). In 
decision step 2110, it is determined whether or not the FTTH system offers data 
services to any subscribers. This is important because if the system does offer data 
services to other subscribers, then even if the subject subscriber does not take data 
services, there are limitations on what can be done to the return RF data so as to not 
10 interfere with data being taken by other subscribers. 

If the inquiry to decision step 2110 is positive, then the "Yes" branch is 
followed decision step 2115 in which it is determined whether a particular subscriber 
has data service in addition to needing RF return support. If the inquiry to decision 
step 2110 is negative, the "No" branch is followed to decision step 2120 in which it is 
15 determined if the RF return signals will be propagated over relatively short distances 
as perceived from an optical waveguide / power design perspective. 

If the inquiry to decision step 2115 is positive, then the "Yes" branch can be 
followed to step 2125 in which the exemplary embodiment illustrated and 
summarized in Figure 9 should be selected to address the needs of the subscribers. If 
20 the inquiry to decision step 2115 is negative, then the "No" branch can be followed to 
step 2130 in which the exemplary embodiment illustrated in Figure 18 should be 
selected to address the needs of the subscribers 

If the inquiry to decision step 2120 is negative, then the "No" branch can be 
followed to step 2135 in which the exemplary embodiment illustrated in Figure 19 
25 should be selected to address the needs of the subscribers. If the inquiry to decision 
step 2120 is positive, then the "Yes" branch can be followed to step 2140 in which the 
exemplary embodiment illustrated in Figure 20 should be selected to address the 
needs of the subscribers. 

Referring now to Figure 22, this figure illustrates an exemplary method for 

♦ 

30 reluming video service RF signals in an upstream direction. Basically, Figure 22 
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provides an overview of the processing performed by the subscriber optical interfaces 
140, laser transceiver nodes 120, and data service hub 110. 

As noted above, certain steps in the process described below must naturally 
precede others for the present invention to function as described. However, the 
5 present invention is not limited to the order of the steps described if such order or 
sequence does not alter the functionality of the present invention. That is, it is 
recognized that some steps may be performed before or after other steps without 
departing from the scope and spirit of the present invention. 

Step 2205 is the first step in the exemplary upstream overview process 2200. 
10 In step 2205, terminal input is received at a video service terminal 117. Next, in step 
2210, the terminal input is propagated as modulated analog RF signals towards the 
subscriber optical interface 140. 

In step 2215, the analog RF signals are converted to digital packets with the 
A/D converter 509. However, it is noted that step 2215 does not need to take place in 

15 the subscriber optical interface 140. As discussed above, the analog to digital 
conversion process can take place at the laser transceiver node 120 or it could occur at 
the video service terminal 117. 

Next, in routine 2220, the size of the RF packets generated by the A/D 
converter 509 are reduced by the data reducer 511. Further details of routine 2220 

20 have been described above with respect to Figure 10D. 

In step 2225 time-stamped data is added to the reduced RF packets. In step 
2230, identification information is added to the reduced RF packet. This 
identification information can comprise headers used to uniquely identify RF packets 
from other types of data packets. Steps 2225 and 2230 can be performed by a data 

25 condition 407. However, functions identified in steps 2230 and 2235 can be 
accomplished with other hardware devices other than the data conditioners 407. The 
present invention is not limited to the hardware devices which performs the functions 
described in steps 2230 and 2235 nor is the present invention limited to the order in 
which these two steps are performed. 
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In routine 2240, the reduced RF packets are combined with regular data 
packets. Further details of routine 2240 will be discussed below with respect to 
Figure 23. 

In step 2245, the electrical packets are converted to the optical domain. Next, 
5 in step 2250, the combined optical packets are propagated towards the laser 
transceiver node 120. 

In step 2255, the combined optical packets are converted to the electrical 
domain with a digital optical receiver such as the receiver 370 as illustrated in Figure 
5. In step 2270, the reduced RF packets are separated from the regular data packets in 
10 the optical tap routing device 435 of the laser transceiver node 120. 

The transmission speed of the reduced RF packets is then decreased by the 
data conditioner 407 in the laser transceiver node 120 (step 2275). Next, in step 2280, 
the reduced RF packets are converted back to the optical domain by a low power 
optical transmitter 325. 

15 In step 2285, the reduced RF packets are propagated upstream towards a data 

service hub 110 along an optical wave guide 160 that also carries down stream video 
signals and video service control signals. In step 2288 the reduced RF Digital packets 
are converted back to the electrical domain in low speed data receiver 370. In step 
2290, the RF Digital packets are delayed to their proper playout time in delay 

20 generator 305. 

In routine 2295, the reduced RF packets are converted to the original RF 
analog signals that were originally produced by the video service terminals 117. 
Further details of routine 2295 have been described above with respect to figure lib. 
In step 2298, the RF analog signals are propagated to the RF receiver 309 that is 

25 coupled to the video services controller 115. 

Refer now to Figure 23, this figure illustrates an exemplary subroutine or 
subprocess 2240 for combining reduced RF packets with regular data packets as 
discussed above with respect to Figure 22. 

The combining reduced RF packets with regular data packets routine" 2240, 

30 starts with step 2305. In step 2305, the regular data transmission of ordinary data 
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packets produced by the processor 550 in Figure 8 is interrupted during predetermined 
intervals. As noted above, while the upstream transmission of data packets can be 
interrupted at intervals with upstream RF packet transmission, it is noted that the 
intervals of interruption do not need to be regularly spaced from one another in time. 
5 However, in one exemplary embodiment, the interruptions can be designed to be 
spaced at regular, uniform intervals from one another. In another exemplary 
embodiment (not shown), the interruptions could be spaced at irregular, non-uniform 
intervals from one another. In step 2310, reduced RF packets are inserted between 
irregular data packets if the RF packets are available during an interval. 

10 Step 2310 corresponds to the simultaneous activation of switches 513 in each 

subscriber optical interface 140 that is part of a subscriber grouping. The subscriber 
groupings are usually determined by the number of subscribers that will be serviced 
by a particular video service receiver 309 that is typically located in the data service 
hub 110. After step 2310, the subprocess ends and the process returns to step 2245, 

15 Figure 22. 

Refer now to Figure 24, this Figure illustrates an exemplary method for 
propagating downstream analog video service control signals within an optical 
architecture. The downstream process 2400 starts in first step 2405. In step 2405, 
analog electrical video service control signals are received from a video service 

20 controller 115. Next, in step 2410, the analog electrical video service control signals 
are combined with analog downstream video signals. 

In step 2415, the analog electrical video service control signals and video 
signals are converted to the optical domain with an optical transmitter 325. The 
combined video optical signals are propagated towards laser transceiver nodes 120 via 

25 optical wave guides 160. In step 2425, the combined video optical signals are also 
combined with data optical signals in the laser transceiver node 120. Specifically, in 
an exemplary embodiment of the present invention, the video optical signals can be 
combined with the data optical signals in a diplexer 420 _ The combined video and 
data optical signals are propagated along an optical wave guide 150 to a subscriber 

30 optical interface 120. In step 2435, the video optical signals are separated from the 
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data optical signals with an optical dip lexer 515. The video optical signals are then 
converted to the electrical domain with an analog optical receiver 525. 

In step 2445, the video service control signals are separated from the regular 
video signals in the video services terminal 117. Next, in step 2450, the video service 
5 control signals are processed by the video service terminal 117. 

The present invention is not limited to the aforementioned laser transceiver 
nodes. The present invention may employ nodes that operate with LEDs that produce 
wavelengths that may be unique to subscribers or groups of subscribers. In other 
words, each node can further comprise one or more wavelength division multiplexers 
10 and demultiplexers. Each wavelength division multiplexer (WDM) can select one or 
more wavelengths of optical bandwidth originating from a respective optical tap 
multiplexer. Each WDM can then combine the one or more wavelengths of optical 
bandwidth together and feed them into a single optical waveguide. In this way, one 
optical waveguide can service a number of individual optical taps that can correspond 
15 to the number of optical tap multiplexers present in the bandwidth transforming node. 
In such an exemplary embodiment, each optical tap can divide data signals between a 
~ plurality of subscribers and can be capable of managing optical signals of multiple 
wavelengths. i 

The present invention is not limited to providing a return path for just legacy 
20 video service terminals. The return path of the present invention can be carry signals 
of other hardware devices that may not characterized as "legacy" hardware. The 
present invention may simply be used to provide increased bandwidth for additional 
conventional electronic communication devices that are supported by the optical 
network. 

25 Thus, the present invention provides a unique method for inserting RF packets 

(derived from RF signals produced by a terminal) between upstream packets 
comprising data generated by a subscriber with a digital communication device such 
as a computer or internet telephone. Thus, the present invention provides an RF 
return path for legacy terminals that shares a return path for regular data packets in an 

30 optical network architecture. The present invention also provides a way in which the 
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upstream transmission timing scheme that is controlled by the legacy video service 
controller housed within the data service hub is preserved. The present invention can 
operate independently of the legacy upstream transmission timing scheme so that the 
legacy upstream transmission timing scheme can remain effective. The present 
5 invention can also adjust the transmission rate of RF packets during certain stages in 
an optical network in order to take advantage of lower cost hardware. 

In another alternative exemplary embodiments, the present invention allows 
for less complex hardware that can be provided in the subscriber optical interface or 
laser transceiver node or both for subscribers that are not taking data services. 

10 In other alternative exemplary embodiments, an optical signal present line in 

combination with a driver may be employed in order to reduce the amount or cost of 
hardware (or both) in a laser transceiver node. 

It should be understood that the foregoing relates only to illustrate the 
embodiments of the present invention, and that numerous changes may be made 

15 therein without departing from the scope and spirit of the invention as defined by the 
following claims. 
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CLAIMS 



What is claimed is: 



1 . A return path of an optical network system comprising: 
5 a data service hub; 

at least one subscriber optical interface for receiving RF- 
modulated signals, for converting the RF-modulated signals to first digital packets and 
combining the first packets with second packets for upstream transmission towards 
the data service hub; and 
10 one or more optical waveguides connected to the subscriber 

optical interface, for carrying the upstream optical signals and downstream optical 
signals. 

2. The return path of claim 1, further comprising a laser 
15 transceiver node for communicating optical signals to the data service hub, and for 

apportioning bandwidth between subscribers of the optical network system. 

3. The return path of claim 1, wherein the second packets 
comprise data other than the RF-modulated signals. 

20 

4. The return path of claim 1, wherein the subscriber optical 
interface further reduces a size of the first packets. 

5. The return path of claim 1, wherein the subscriber optical 
25 interface comprises a data reducer for adjusting a size of the first packets. 

6. The return path of claim 1, wherein the subscriber optical 
interface comprises a data conditioner for increasing a transmission speed of the first 
packets. 

30 



BNSDOCID:<WO 03005612A1 I > 



WO 03/005612 



PCT/US02/03056 



70 

7. The return path of claim 6, wherein the data conditioner 
comprises a FIFO buffer. 

8. The return path of claim 1, wherein the subscriber optical 
5 interface comprises a processor for administering a timing of when the first and 

second packets are combined. 

9. The return path of claim 2, wherein the laser transceiver node 
coordinates timing among a plurality of subscriber optical interfaces. 

10 

10. The return path of claim 1, further comprising an optical tap 
coupled to the subscriber optical interface. 

1 1 . The return path of claim 1 , further comprising a terminal for 
15 producing the RF-modulated signals and coupled to the subscriber optical interface. 

12. A return path of an optical network system comprising: 
a data service hub; 

at least one subscriber optical interface for receiving RF- 

20 modulated signals; 

a laser transceiver node for communicating optical signals to 
the data service hub, and for converting the RF-modulated signals to first digital 
packets and combining the first packets with second packets for upstream 
transmission towards the data service hub; and 
25 one or more optical waveguides connected to the laser 

transceiver node, for carrying the upstream optical signals and downstream optical 
signals. 

13. The return path of claim 12, wherein the second packets 
30 comprise data other than the RF-modulated signals. 
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14. The return path of claim 12, wherein the laser transceiver node 
further reduces a size of the first packets. 

5 15. The return path of claim 12, wherein the laser transceiver node 

comprises a data reducer for adjusting a size of the first packets. 

16. The return path of claim 12, wherein the laser transceiver node 
comprises a data conditioner for increasing a transmission speed of the first packets. 

10 

17. The return path of claim 12, wherein the data conditioner 
comprises a FIFO buffer. 

18. The return path of claim 12, further comprising an optical tap 
15 coupled to the subscriber optical interface. 

*. 19. The return path of claim 12, further comprising a terminal for 

producing the RF-modulated signals and coupled to the subscriber optical interface.. 
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20. A return path of an optical network system comprising: 
a data service hub; 

at least one subscriber optical interface for receiving electrical 
5 RP-modulated signals, the subscriber optical interface converting the RF-modulated 
signals to digital electrical data packets and for converting the digital electrical data 
packets to optical data packets; 

a laser transceiver node for communicating optical signals to 
the data service hub, for apportioning bandwidth between subscribers of the optical 
10 network system; and 

one or more optical waveguides connected to the laser 
transceiver node, for carrying the upstream optical signals and downstream optical 
signals. 

15 21. The return path of claim 20, wherein the laser transceiver node 

amplifies the optical data packets by converting them to electrical data packets and 
then reconverting the electrical data packets back to optical data packets. 

22. The return path of claim 20, wherein the laser transceiver node 
20 amplifies the optical data packets with a solid state optical amplifier. 
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23. A method for providing a return path for signals in an optical 
network system comprising the steps of: 

receiving RF-modulated signals; 
5 converting the RF-modulated signals to a plurality of first 

digital information packets; 

receiving a plurality of second digital information packets; 
transmitting both sets of information packets by inserting the 
first digital information packets between the second digital information packets; 
10 propagating the packets towards a data service hub; and 

receiving the first and second digital information packets at the 

* 

data service hub. 



24. The method of claim 23, further comprising the step of 
15 converting the first digital information packets back to RF-modulated signals. 

25. The method of claim 23, wherein the step of receiving the 
plurality of second digital information packets, further comprises receiving the 
plurality of second digital information packets from one of a computer and an internet 

20 telephone. 

26. The method of claim 23, wherein the step of receiving a 
plurality of second digital information packets, further comprises receiving a plurality 
of second digital information packets having irregular sizes. 



25 



30 



27. The method of claim 23, wherein the step of converting the RF- 
modulated signals further comprises converting the RF-modulated signals to a 
plurality of first digital information packets having a uniform length of time slot for 
their transmission. 
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28. The method of claim 23, further comprising the steps of: 
controlling a first time scheme with a first controller for the 

reception of the RF-modulated signals; and 

controlling a second timing scheme with a second controller for 
5 transmission of the first and second digital information packets, the second controller 
operating independently of the first controller. 

29. The method of claim 23, further comprising the step of 
preserving the first timing scheme with the second timing scheme by sizing 

10 transmission intervals of the second timing scheme such that the transmission 
intervals are smaller than reception intervals of the first timing scheme. 

30. The method of claim 23, wherein the step of transmitting 
further comprises inserting the first digital information packets between the second 

1 5 digital information packets during uniformly spaced intervals. 

31. The method of claim 23, further comprising the step of 
increasing a propagation speed of the first digital information packets prior to the step 
of transmitting both sets of information. 

20 

32. The method of claim 23, further comprising the step of further 
comprising the step of decreasing a propagation speed of the first digital information 
packets prior to the step of receiving the first digital information packets at a data 
service hub. 
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33. An optical network system comprising: 

* 

a data service hub; 
at least one optical tap; 

at least one subscriber optical interface connected to the optical 

5 tap; 

a laser transceiver node disposed between the data service hub 
and the optical tap, for communicating optical signals between the data service hub 
and the optical tap, and for apportioning bandwidth between subscribers of the optical 
network system, the laser transceiver node further comprising two or more optical 
1 0 receivers that share a tap multiplexer; and 

one or more optical waveguides connected between respective 
optical taps and the laser transceiver node, for carrying the upstream optical signals 
and downstream optical signals. 

15 34. The optical network system of claim 33, wherein each optical 

receiver further comprises an optical signal detector for detecting optical signals. 

35. A method for providing a return path for signals in an optical network system 
comprising the steps of: 
20 converting RF-modulated signals to a plurality of first digital 

information packets; 

receiving a plurality of second digital information packets; 
positioning the first digital information packets between the 
second digital information packets to form a continuous information stream; and 
25 propagating the information stream along an optical waveguide. 

36. The method of claim 35, further comprising the step of 
converting the first digital information packets back to RF-modulated signals. 
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37. The method of claim 35, wherein the step of receiving the 
plurality of second digital information packets, further comprises receiving the 
plurality of second digital information packets from one of a computer and an internet 
telephone. 

38. The method of claim 35, further comprising the step of forming 
the RF-modulated signals in response to commands inputted into a video services 
terminal. 
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